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1.0  SUMMARY 


The  research  effort  during  this  reporting  period  has  continued  to  emphasize 
the  study  of  electronically  conducting  oxides,  which  was  initiated  in  the  pre¬ 
vious  reporting  period.  The  high-temperature  transport  property  data  base  has 
been  expanded  by  continued  measurements  in  several  systems  under  study,  and  a 
theoretical  model  for  thermoelectric  properties  based  on  small  polaron  transport 
has  been  developed.  The  study  of  the  transport  properties  of  the  I^O^-SnC^ 
system,  which  was  initiated  during  the  previous  reporting  period,  has  been 
completed.  Low  values  for  the  figure  of  merit  were  obtained,  as  expected,  for 
these  degenerate-type  semiconductors. 

Some  high-temperature  materials  that  exhibit  small  polaron  conduction  have 
the  potential  to  exhibit  high  figures  of  merit.  The  theoretical  model  developed 
under  this  program  predicts  that  narrow-band  semiconductors  with  small  polaron 
hopping  along  Inequivalent  sites  of  distorted  sublattices  can  result  in  increases 
in  both  electrical  conductivity  and  Seebeck  coefficient  with  temperature  without 
significant  increases  in  thermal  conductivity.  High  figures  of  merit,  greater 
than  1.0  at  1000  K,  that  increase  with  temperature  are  predicted  by  the  model. 
The  model  is  being  applied  to  the  divalent  metal-doped  (Y.La^rO^  systems  with 
the  ABO^  perovskite  structure.  Transport  property  data  obtained  during  this 
reporting  period  for  different  divalent  metal  dopants  at  different  concentra¬ 
tions  are  being  used  to  evaluate  the  model. 

Research  will  continue  to  emphasize  the  small  polaron  thermoelectric  model. 
To  verify  and  refine  the  model,  experimental  transport  measurement  studies  will 
emphasize  the  effects  of  substitutions  in  the  ABO^  perovskite  structure,  particu¬ 
larly  the  distorted  lattice  developed  by  substitution  on  the  B  or  0  sites  which 
Increases  inequivalent  sites  for  hopping  of  small  polarons.  As  a  result  of 
improvements  in  the  thermal  diffusivlty  apparatus,  the  effect  of  dopant  on 
thermal  conductivity  will  be  investigated.  The  theoretical  and  experimental 
studies  will  be  expanded  to  include  the  oxysulfides  and  sulfides,  which  should 
exhibit  high  electrical  conductivity,  high  Seebeck  coefficients,  low  thermal 
conductivity  and,  therefore,  high  figures  of  merit. 


1.1 


2.0  INTRODUCTION 


The  purpose  of  this  report  is  to  describe  the  technical  results  obtained 
during  the  second  year  of  this  continuing  research  project,  covering  the  period 
from  May  15,  1984  to  May  15,  1985.  The  general  objectives  of  this  research 
investigation  are  to:  a)  develop  theoretical  models  for  electrical,  thermal, 
and  thermoelectric  behavior  of  refractory  oxide  materials,  b)  determine  electri¬ 
cal  transport  properties  necessary  to  develop  and  test  these  models,  c)  deter¬ 
mine  methods  for  increasing  the  figure  of  merit  in  refractory  oxide  systems  by 
varying  composition,  defect  structure,  microstructure,  etc.,  and  d)  use  these 
models  to  establish  theoretical  and  empirical  limits  of  the  figure  of  merit  for 
these  oxides  and  other  refractory  materials. 

During  the  first  year  of  this  project,  existing  data  and  theoretical  models 
were  extensively  reviewed  and  evaluated.  The  research  emphasized  the  initial 
measurements  of  high-temperature  transport  properties  in  the  oxide  systems  based 
on  the  Ino03~Sn02,  (La,Y)  (Mg.Ca.SrjCrO^,  Hf  '(^-R^O  -In^ ,  and  La(Sr)Mn0.j.  This 
included  the  development  of  a  novel  technique  for  rapid,  high-temperature  deter¬ 
mination  of  the  absolute  Seebeck  coefficient.  Based  on  the  literature  review 
and  evaluation,  the  theoretical  modeling  effort  concentrated  on  theories  for  the 
figure  of  merit  and  the  transport  properties  of  both  broad-band  and  narrow-band 
semiconducting  oxides,  with  particular  emphasis  on  small  polaron  transport. 

The  research  effort  during  this  second  year  has  continued  to  emphasize  the 
determination  of  high-temperature  transport  property  data  that  was  initiated 
during  the  first  year  on  several  oxide  systems.  The  theoretical  modeling  has 
focused  on  small  polaron  transport  in  narrow-band  semiconducting  oxides  and  has 
been  applied  to  the  divalent  metal-doped  (Y.LaJCrO^  system  with  the  ABO^  perov- 
sklte  structure.  These  results,  conclusions,  and  future  research  are  described 
in  the  following  sections  of  this  report.  In  addition,  the  appendices  contain 
tabulated  data  and  the  drafts  of  two  papers  being  prepared  for  publication. 


3.0  TRANSPORT  PROPERTY  MEASUREMENTS 


The  transport  properties,  which  include  the  electrical  conductivity, 

Seebeck  coefficient,  and  thermal  conductivity,  were  measured  for  the  series  of 

materials  listed  in  Table  3.1.  These  materials  include  doped  yttrium  chromites, 

C  3  )  C  3^ 

I^O^-SnC^  and  ZrO^-PrOj-I^O^.  Although  some  chromite  (ABO^  perovskite) 
data  were  reported  last  year,  the  samples  discussed  in  this  report  contained  a 
wider  range  of  A-site  dopants  and  each  sample  was  given  a  standardised  heat  treat¬ 
ment  prior  to  the  measurements.  The  chromite  samples  discussed  in  last  year's 
report  were  not  all  prepared  under  standardized  conditions,  which  led  to  some 
variation  in  transport  properties. 

3.1  MEASUREMENT  TECHNIQUES 

Generally,  the  same  techniques  described  in  last  year's  report  were  used  to 
measure  the  transport  data  during  this  reporting  period;  however,  some  improve¬ 
ments  were  made  in  apparatus  and  software.  The  electrical  conductivity  was 
measured  using  the  four-contact  DC  probe  method.  The  electrical  conductivity 
apparatus  was  modified  to  accommodate  two  samples  for  simultaneous  measurements. 
Data  obtained  under  identical  conditions  from  two  different  samples  can  be 
readily  compared.  In  addition,  twice  as  many  samples  can  be  measured  as  before. 
This  apparatus  is  presently  being  further  modified  for  computer-controlled  data 
acquisition. 

The  thermal  conductivity  was  calculated  from  the  product  of  the  thermal 
diffusivity  (determined  by  the  flash  technique),  specific  heat  (determined  by 
the  rule  of  mixtures),  and  density.  The  thermal  diffusivity  apparatus  has  been 
directly  Interfaced  with  a  computer  during  this  reporting  period.  The  modifica¬ 
tion  allows  data  storage  and  preliminary  calculation  and  graphic  display  of  the 
thermal  diffusivity  during  the  series  of  measurements,  which  increases  cost 
efficiency  by  identifying  any  data  deficiencies.  Final  calculations  are  carried 
out  after  a  complete  data  set  is  obtained. 


(a)  The  fabrication,  transport  property,  and  crystallographic  studies  for  these 
oxides  were  conducted  in  part  under  a  U.S.  Department  of  Energy  contract  by 
Battelle,  Pacific  Northwest  Laboratories.  The  data  are  included  because  of 
their  significance. 


3.1 


TABLE  3.1.  Sample  Compositions 


Sample 

Identification 

Composition 

AF-14 

(La0.5’  Y0.5)0.98Sr0.02Cr03 

AF-15 

(La0.5*  Gd0.5)0.98Sr0.02Cr°3 

AF-16 

(Y0.5’  Gd0.5)0.98Sr0.02Cr°3 

AF-17 

(Y0.99*  Ba0.01)Cr°3 

AF-18 

(Y0.98*  Ba0.02)Cr°3 

AF-19 

(Y0.95*  Ba0.05)Cr°3 

AF-20 

(Y0.98’  Sr0.02)Cr°3 

AF-21 

(Y0.95’  Sr0.05)Cr°3 

AF-22 

(Y0.925’  Sr0.075)Cr°3 

AF-23 

(Y0.90’  Sr0.10)Cr°3 

AF-24 

(Y0.85’  Sr0.15)Cr°3 

AF-25 

(Y0.95’  Ca0.05)Cr°3 

AF-26 

(Y0.875*  Ca0.125)Cr°3 

AF-27 

(Y0.85’  Ca0.15)Cr°3 

AF-28 

(Y0.98’  Mg0.02)CrO3 

AF-29 

(Y0.90’  Mg0.10)Cr°3 

AF-30 

(Y0.85’  Mg0.15)Cr°3 

AF-36 

(La0.84’  Sr0.16)Cr°3 

AF-38 

(La0.84’  Sr0.16)(A10.15’  Cr0.85)O3 

AF-39 

(La0.9’  Ca0.1)(A10.15’  Cr0.85)O3 

AF-40 

La(Mg0.02'  A10. 15*  Cr0.83)03 

AF-41 

La(Mg0.02’  A10. 15’  Cr0.83)03 

AF-42 

(La0 . 9 ’  Ca0.1)(A10.15’  Cr0.85)03 

FCCP-166 

30  molZ  Pr02,  70  molZ  Zr02 

FCCP-54 

9.0  molZ  In2°3’  39,9  mol%  Pr°2’ 

51.1  mol%  Zr02 

FCCP-144 

75  mol%  ln203>  25  molZ  Zr02 

FCCP-160 

18.2  molZ  *n2°3*  58 • 7  mol%  Pr02’ 

23.1 

mol% 

ZrO 

FCCP-93 

20.1  molZ  In2°3»  39.6  mo^  Pr02’ 

40.3 

molZ 

ZrO 

FCCP-52 

23.0  molZ  In^,  34.3  mol%  Pr02> 

42.7 

molZ 

ZrO 

FCCP-5 1 

36.6  molZ  In2®3*  28.6  Pr02> 

34.8 

molZ 

ZrO 
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TABLE  3.1.  Sample  Compositions  (Continued) 

Sample 

Identification 
FC-56 
FC-57 
FC-59 
FC-125 
FC-97-7 
FC-126 
FC-97-9 
FC-97-I0 
FC-160 

The  novel  apparatus  developed  on  this  program  at  Battelle  to  measure  the 
Seebeck  coefficient  has  not  been  changed;  however,  the  computer  program  has  been 
modified  to  properly  correct  for  the  emf  of  the  Pt  lead  wires.  In  last  year's 
report,  the  emf  of  the  Pt  lead  wires  was  incorrectly  subtracted  from  the  voltage 
drop  across  the  sample  instead  of  added.  (The  data  were  not  recalculated 
because  of  deficiencies  in  material  preparation  noted  above).  The  apparatus  and 
modified  computer  program  were  used  to  gather  data  and  calculate  the  Seebeck 
coefficients  of  the  materials  listed  in  Table  3.1.  In  addition,  the  Seebeck 
coefficient  of  a  Pt  rod  was  determined  for  reference,  and  the  measured  data  were 
within  two  percent  of  the  data  of  Laubitz  (1969)  and  Moore  and  Graves  (1973). 

The  transport  data  for  each  property  was  fitted  according  to  the  following 
equations: 

log  a  =  A  +  B/T 
log  (a  x  T)  -  A  +  B/T 
X  -  (A  +  BT)"1 
S  -  A  +  BT  +  CT2  +  DT3 

where  a  Is  the  electrical  conductivity,  l/(ohm-cm),  X  is  the  thermal  conduc¬ 
tivity,  W/m-K,  S  is  the  Seebeck  coefficient,  pV/K,  and  T  is  the  temperature,  K. 
The  coefficients  A,  B,  C,  and  D  (different  for  each  property)  were  determined  by 
fitting  the  appropriate  equation  to  the  data.  The  fitted  coefficients  and 
calculated  transport  properties  are  given  in  Appendix  A  for  each  composition 
tested.  The  equations  for  log  a  and  and  log  (<jT)  were  fitted  separately  to  the 
electrical  conductivity  data;  consequently,  the  values  for  a  determined  from 


_ Composition 

11.2  mol%  In2°3*  ®9.8  mol%  Sn02 

16.3  molZ  ln203,  83.7  mol%  Sn02 
31  mo IX  In2°3*  69  molZ  Sn02 

40  molZ  1^0^,  60  mol%  Sn02 
50  molZ  1^0^,  50  molZ  Sn02 
60  molZ  1^0^,  40  molZ  Sn02 
70  molZ  In2°3»  30  molZ  Sn02 
80  molZ  ln203>  20  molZ  Sn02 
90.2  molZ  In  0  ,  9.8  molZ  SnO 
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these  equations  will  differ  somewhat.  The  Seebeck  coefficient  was  determined  as 
a  function  of  temperature  using  a  third  order  polynomial,  even  though  the  model 
in  Section  4.2  for  small  polaron-conducting  materials  proposes  a  linear  relation¬ 
ship.  The  third  order  fit  of  the  Seebeck  coefficient  was  used  in  calculating 
the  figure  of  merit  because  it  gave  the  best  fit  for  all  data  over  the  wide 
range  of  compositions  and  different  conduction  mechanisms. 

The  figure  of  merit  (Z)  and  dimensionless  figure  of  merit  (ZT)  were  deter¬ 
mined  from  the  calculated  equations  for  the  transport  properties  by: 


A 

S2 

ZT  -  *  T 

A 

The  figures  of  merit  are  given  in  Appendix  A. 

3.2  SAMPLE  PREPARATION 

The  In20^-Sn02  samples  were  prepared  at  Battelle  by  pressing  and  sintering 
coprecipitated  powders.  The  details  of  the  fabrication  procedure  are  given  in 
Appendix  B.  The  ZrC^-PrC^-In^^  samples  were  also  fabricated  at  Battelle  from 
coprecipitated  powders  using  the  same  procedure. 

The  chromite  samples  (AF-14  to  AF-30)  were  prepared  by  Harlan  Anderson  at 
the  University  of  Missouri,  Rolla,  by  pressing  and  sintering  powders  prepared  by 
the  liquid-mix  method  of  Pechini  (1967).  Chromite  samples  AF-36  to  AF-42  were 
obtained  from  Hugo  Schmidt  (1981)  at  Montana  State  University.  These  samples 
were  prepared  by  either  General  Refractories  Company  or  A-T  Research  Company. 
The  exact  preparation  techniques  for  these  samples  are  unavailable. 

All  of  the  chromite  samples  were  heat  treated  in  air  at  1500°C  for  48  h, 
followed  by  an  additional  48  h  in  air  at  1550°C.  This  heat  treatment  was 
necessary  to  fully  oxidize  the  samples,  since  they  were  fabricated  under 
reducing  conditions. 

3.3  RESULTS 

The  transport  property  data  and  calculated  figures  of  meric  for  the 
In^O^-SnO^,  the  InjO^-PrOj-ZrC^ ,  and  the  ABO^  perovskite  systems  are  discussed 
in  this  section  of  the  report.  Additional  data  are  contained  in  Appendix  A. 
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3.3.1  In  0  -SnO 
— 2~3 - 2 

The  study  of  the  structure  and  transport  properties  of  the  In^O^-SnO^ 
system  was  completed  and  a  paper  describing  the  results  is  attached.  Appendix  B. 
These  materials  were  of  interest  due  to  their  high  electrical  conductivity, 
which  is  greater  than  1000  (ohm-cm)  *  for  compositions  above  70  m/o  1^0^.  The 
electrical  conductivity  increased  with  the  concentration  of  In^O^  and  reached  a 
maximum  near  80  m/o  In^O^.  The  Seebeck  coefficient  was  negative  for  all  compo¬ 
sitions  and  became  more  negative  as  temperature  increased.  The  Seebeck  coeffi¬ 
cient  varied  with  composition;  below  40  m/o  I^O^,  the  Seebeck  coefficient  was 
between  -50  and  -60  pV/R  at  1000  K.  From  40  to  80  m/o  I^O^,  the  Seebeck  coef¬ 
ficient  decreased  from  -100  to  -30  pV/R  with  increasing  concentration. 

The  Seebeck  coefficients  increased  slightly  to  -60  pV/R  at  90  m/o  In^O^.  As  the 
Seebeck  coefficient  decreased,  the  electrical  conductivity  increased.  The 
dimensionless  figure  of  merit  (ZT)  increased  with  the  In2°3  content  and  reached 
a  maximum  of  0.2  for  70  m/o  In2°3  at  1200  K,  as  shown  in  Figure  3.1.  The  dimen¬ 
sionless  figure  of  merit  decreased  significantly  for  the  80  m/o  In^O^  composi¬ 
tion  due  to  an  order  of  magnitude  increase  in  thermal  conductivity.  The  increase 
in  thermal  conductivity  was  probably  due  to  the  contribution  of  the  electronic 
component  to  thermal  conductivity,  which  was  negligible  for  the  other  composi¬ 
tions.  The  small  negative  Seebeck  coefficient  indicates  that  this  material 


FIGURE  3.1.  Dimensionless  Figure  of  Merit  (ZT)  as  a  Function  of  ln„0„  Content 

1  >  —  '  “  4.  J 
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behaves  as  a  degenerate  semiconductor.  The  compositions  exhibiting  the 
highest  ZT  values  from  40  to  70  m/o  1^0^  appear  to  be  structurally  related  to 
the  rhombohedral  In^Sn^O^  (40  m/o)  composition.  A  minor  noncrystalline  phase 
present  in  this  same  composition  range  may  also  be  affecting  the  behavior.  The 
minimum  values  of  ZT  near  80  m/o  In^O^  are  related  to  the  body-centered-cubic 
(bcc)  solid  solution  limit  of  SnO^  in  In2°3* 

3.3.2  In203-Pr0:-Zr02 

Depending  on  the  composition  and  structure,  this  system  can  exhibit  high 
electrical  conductivity  with  negative  Seebeck  coefficients  or  low  electrical  con¬ 
ductivity  with  high  positive  Seebeck  coefficients,  as  illustrated  in  Figures  3.2 
and  3.3.  The  structure  of  this  system  consists  of  a  number  of  phases,  the  most 
important  being  a  body-centered-cubic  (bcc)  In2®3  Phase,  which  brings  about  the 
high  electrical  conductivity.  In  the  absence  of  the  bcc  phase,  the  electrical 


FIGURE  3.2.  Electrical  Conductivity  of  In^O^-PrO^-ZrOj  System 
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conductivity  of  this  system  (primarily  a  pyrochlore,  Zr^Pr^O^,  and  orthorhombic 
Pr^In^O^,)  was  low  with  high  positive  Seebeck  coefficients  indicating  ionic  con¬ 
duction  similar  to  cubic  ZrO^.  The  dimensionless  figure  of  merit  was  less  than 
0.01  for  these  ionically  conducting  compositions.  Similar  behavior  has  been 
observed  in  the  isomorphic  structure  of  In20^-Pr02-Hf02 . 

Compositions  containing  the  bcc  phase  had  high  electrical  conductivity  with 
negative  Seebeck  coefficients  between  80  and  120  mV/K  that  became  more  negative 
with  increased  temperature.  As  the  electrical  conductivity  increased,  the  dimen¬ 
sionless  figure  of  merit  Increased.  A  maximum  value  for  ZT  of  0.18  was  calcula¬ 
ted  at  1300  K  for  75  I a^O^-25  Zr02»  as  shown  in  Figure  3.4.  All  these  composi¬ 
tions  behave  similar  to  a  degenerate  semiconductor.  Additional  information  on 
these  materials  is  given  in  Appendix  A. 


FIGURE  3.3.  Seebeck  Coefficient  for  the  In20j-Pr02“Zr02  System 
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FIGURE  3.4.  The  Dimensionless  Figure  of  Merit  (ZT)  for  the  In  0,-Pr0  -ZrO 
System  2  J  2  2 

3.3.3  ABOj  Perovskites 

Electrical  conductivity  and  Seebeck  coefficient  measurements  have  been 
carried  out  on  all  the  ABO^  materials  received  (and  heat  treated)  this  year. 
Thermal  diffusivlty  measurements  were  delayed  because  of  the  upgrade  in  the 
apparatus,  but  are  currently  being  carried  out  and  will  be  reported  In  the  next 
interim  report.  The  log  (aT)  decreased  nearly  linearly  with  Inverse  temperature 
and  the  positive  Seebeck  coefficient  increased  nearly  linearly  with  temperature, 
both  in  agreement  with  the  model  for  small  polaron  transport  (discussed  later) . 
The  maximum  values  for  the  figure  of  merit,  ZT,  at  1000  K  were  on  the  order  of 
0.015  to  0.020.  All  of  the  results  are  tabulated  in  Appendix  A. 

An  extensive  investigation  of  the  dlvalent-metal-doped  (Y^  ^M^CrO^  series 
of  materials  (M  *  Mg,  Ca,  Sr,  Ba)  was  carried  out  during  the  reporting  period. 
Characterization  of  the  materials  by  optical  and  electron  microscopy  and  x-ray 
diffraction  (XSD)  indicates  that  a  second  phase  forms  when  x  ■  0.15  and  suggests 
that  the  solubility  limit  for  the  dopants  is  less  than  0.15.  Consequently,  the 
data  for  samples  vith  x  ■  0.15  are  to  be  viewed  with  some  suspicion  due  to  the 
unknown  effects  of  the  second  phase.  In  addition  (as  discussed  later),  a  sig¬ 
nificant  fraction  of  Mg  may  actually  substitute  for  Cr  on  the  B-site,  due  to  the 

+2  +3 

smaller  ionic  radius  of  Mg  ,  which  is  similar  in  size  to  Cr  . 
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The  electrical  conductivity*  C*.  results  for  (Y  M  )CrO  series  of  mate- 

1-x  x  3 

rials  are  shown  in  Figure  3.5.  The  log  (aT)  decreased  linearly  with  inverse 
temperature*  in  agreement  with  the  theoretical  model  for  small  polaron  transport 
(Section  4.2.1).  The  electrical  conductivity  generally  increased  with  the 
amount  of  dopant  and  was  maximized  with  Ca  as  the  dopant.  The  Seebeck  coeffi¬ 
cient  for  these  same  materials  increased  nearly  linearly  with  temperature,  as 
shown  in  Figure  3.6,  also  in  agreement  with  the  model  (Section  4.2.2).  The 
Seebeck  coefficient  generally  decreased  with  the  amount  of  dopant  and  was  mini¬ 
mized  with  Ca  as  the  dopant.  The  dimensionless  figure  of  merit,  ZT,  increased 
with  temperature  as  shown  in  Figure  3.7,  for  several  of  these  materials.  The 
largest  values  of  ZT  occurred  with  Ca  as  the  dopant. 

The  effects  of  the  different  dopant  species  are  more  clearly  indicated  in 

Figures  3.8  and  3.9,  where  log  (<TT) ,  S,  and  ZT  at  1000  K  are  shown  as  a  function 

of  ionic  radius  of  the  dopant.  A  rather  sharp  peak  (a,  ZT)  or  valley  (S)  occurs 

when  Ca  is  the  dopant.  This  behavior  can  be  attributed  to  the  similar  ionic 
+2  +3 

radius  of  Ca  and  Y  ,  as  indicated  in  Figures  3.4  and  3.5.  As  the  ionic  radius 

+3 

of  the  divalent  dopant  deviates  from  that  of  Y  *  more  lattice  distortion  can  be 
expected,  with  generally  detrimental  effects.  This  suggests  that  maximum  per¬ 
formance  probably  occurs  when  the  ionic  radius  of  any  dopant  is  close  to  that  of 
the  substituted  ion.  This  hypothesis  will  be  explored  further  in  future  work 
and  helps  to  more  clearly  define  the  compositions  to  be  studied. 
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FIGURE  3.5.  The  Log  (oT)  as  a  Function  of  Temperature  in  (Y^M^CrO^  System 
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FIGURE  3.8.  Log  (oT)  and  S  as  a  Function  of  Dopant  Ionic  Radius  at  1000  K. 
Open  data  points  are  based  on  linear  Interpolation  or 
extrapolation. 


FIGURE  3.9.  The  Dlnenslonless  Figure  of  Merit  (ZT)  as  a  Function  of  Dopant 
Ionic  Radius 
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4.0  THEORETICAL  STUDIES 


4.1  EVOLUTION  OF  MODEL 

During  Che  first  year  of  this  program,  several  oxide  materials  were  inves¬ 
tigated  as  potential  thermoelectric  materials.  Since  oxides  typically  exhibit 
small  polaron  conduction,  theoretical  studies  of  small  polaron  conductors  were 
begun.  Initial  efforts  concentrated  on  literature  review  and  the  development  of 
analytical  expressions  for  thermoelectric  properties  of  small  polaron  materials. 
During  the  current  year,  a  fairly  detailed  theory  for  the  thermoelectric  proper¬ 
ties  of  small  polaron  materials  has  been  developed.  The  resulting  model  is  used 
to  carry  out  calculations  of  the  figure  of  merit.  In  addition,  the  model  has 
been  used  to  interpret  experimental  data  for  the  (Y^  ^M^jCrO^  perovskites. 

In  the  following  sections,  the  model  for  small  polaron  transport  is  dis¬ 
cussed,  data  for  perovskites  are  interpreted  in  terms  of  the  developed  model, 
and  modeling  calculations  for  ZT  are  presented. 

4.2  MODEL  FOR  SMALL  POLARON  TRANSPORT 

A  small  polaron  refers  to  a  localized  electron  state.  The  electron  state 
is  typically  localized  over  a  region  on  the  order  of  a  lattice  constant. 
Figure  4.1A  presents  a  rather  simple  picture  of  such  a  state.  Each  ion  is 
surrounded  by  an  "electron  cloud"  except  the  one  located  at  the  center,  where  an 
orbital  electron  is  missing  from  the  center  ion.  As  a  result,  the  outer  elec¬ 
trons  of  the  adjacent  ions  are  attracted  toward  the  center  ion,  and  the  energy 
level  of  the  empty  electron  state  associated  with  the  center  ion  is  increased. 
The  raised  energy  level  is  shown  in  Figure  4.  IB  as  an  amount  above  the 
filled  energy  band.  A  "hole"  is  shown  residing  in  this  state.  If  an  electron 
fills  the  state,  the  energy  level  will  be  lowered  to  the  top  of  the  energy  band. 
The  hole  (absence  of  electron)  can  move  through  the  lattice.  A  small  polaron  is 
shown  hopping  between  equivalent  sites  in  Figure  4. IB.  This  process  can,  of 
course,  be  viewed  as  a  normal  orbital  electron  hopping  from  right  to  left.  Fig¬ 
ure  4. 1C  describes  small  polarons  located  at  Inequivalent  sites.  As  noted  in 
Figures  4.1A  and  4. IB,  energy  is  exchanged  with  the  lattice  during  these  hopping 
processes. 


HK 


Schematic  Illustration  of  Polaron  Formation  (A)  and  Electron  Band 
Diagram  for  Small  Polarons  Located  at  Equivalent  Sites  (B)  or  at 
Inequivalent  Sites  (C) . 


4.2.1  Electrical  Conductivity 

The  electrical  conductivity  due  to  small  polaron  transport  is  given  by 
o  ■  nep, 

where 

n  »  small  polaron  concentration, 
e  -  electronic  charge, 
p  =  mobility. 

The  mobility,  p,  is  given  by 

2 

ea  v  -E 

P  -  (l-x)(-~ -)  exp  (-£f). 

where 

E  ■  activation  energy 

a  »  distance  between  sites 
o 

v  *  optical  phonon  frequency 

x  »  fraction  of  sites  occupied  by  small  polarons 

The  activation  energy,  E^,  is  the  minimum  energy  that  must  be  supplied  to  dis¬ 
place  those  atoms  about  the  initial  and  final  sites  so  as  to  establish  a  coinci¬ 
dent  event,  that  is,  to  cause  the  electron  energy  level  at  the  small  polaron 
site  and  the  electron  level  at  a  neighboring  site  to  be  coincident.  The  value 
of  E^  is  estimated  to  be  on  the  order  of  Eg/2,  where  Eg  is  the  binding  energy  of 

the  polaron.  For  hops  on  the  order  of  4  X,  the  pre-exponential  factor  in  the 

2 

expression  for  p  is  approximately  1  cm  /V-sec.  Thus,  small  polarons  exhibit  low 
values  of  drift  mobility. 

The  electrical  conductivity  due  to  small  polaron  transport  can  be  fairly 
large,  since  the  density  of  carriers  can  approach  the  density  of  atoms  in  the 
system.  Let  Nq  be  the  density  of  atoms  at  which  the  small  polarons  may  be 
located,  and  let  x  refer  to  the  fraction  of  these  atoms  at  which  small  polarons 
actually  exist.  The  small-polaron  density  is  then  given  by  n  *  xNq. 
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4.2.2  Seebeck  Coefficient 


The  Seebeck  coefficient  (S)  is  the  average  energy  transferred  by  a  carrier 
(Peltier  heat)  divided  by  eT.  S  has  two  terms;  one  term  is  related  to  the  loca¬ 
tion  of  the  Fermi  level,  that  is,  the  density  of  carriers.  The  second  term  is 
dependent  on  the  nature  of  the  polaron  hopping  mechanism.  The  Seebeck  coeffi¬ 
cient  can  be  written  as 

S  *  A  +  BT  , 

where 


A 


(~)  In  (- 
e 


2Q-x) 

x 


-) 


/k.  z  J2k 


<7> 


z  J2k 

(ebo-  j>: 


and  Eg  has  been  estimated  to  be  EgQ  -  J,  z  is  number  of  nearest  available  sites 
for  hopping,  and  J  is  the  overlap  integral. 

The  A-term  has  always  been  Included  in  past  treatments  of  small-polaron 

transport  theory.  Recent  work  by  Emin  and  Wood  (1983)  has  led  to  the  addition 

of  the  B-term.  Thermoelectric  studies  of  boron-carbides  revealed  that  S  varied 

linearly  with  temperature,  and  Emin  and  Wood  determined  that  if  hopping  occurs 

between  inequivalent  sites  the  B-term  results,  which  can  be  very  significant  for 

some  thermoelectric  materials.  If  the  B-term  is  large,  the  Seebeck  coefficient 

Increases  dramatically  with  temperature.  Since  the  figure  of  merit  varies  as 
2 

S  ,  the  material  can  exhibit  a  significant  increase  in  ZT  with  temperature. 

4.2.3  Possible  Values  of  ZT  for  Small  Polaron  Materials 

Ure  (1972)  has  calculated  potential  values  of  the  figure  of  merit  for  broad¬ 
band  materials.  He  concluded  that  ZT  may  approach  values  on  the  order  of  2  or 
3.  Heikes  and  Ure  (1961)  also  examined  the  potential  value  of  ZT  for  narrow- 
band  materials.  They  concluded  that  ZT  for  these  materials  may  approach  0.2  or 
0.3.  However,  Heikes  and  Ure  did  not  account  for  the  B-term  in  their  study. 
Calculations  of  ZT  for  small  polaron  materials  that  include  the  effect  of  hop¬ 
ping  between  inequivalent  sites  are  presented  in  this  section. 
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The  following  parametric  values  (typical  of  perovskites)  were  assumed  in 
these  calculations: 

thermal  conductivity  *  1.0  W/m-K 

27  -3 

N  -  7.5  x  10  m  J 

0  13 

v  -  2  x  10  J  Hz 

a  *  0.5  nm 
o 

z  •  6 

So  *  °-2  eV 

Values  of  the  fraction  of  sites  occupied  (x) ,  and  the  overlap  integral  (J), 
were  varied  to  give  parametric  plots  of  ZT.  The  range  of  these  parameters  are: 

0  <  x  <  1.0 
0  <  J  <  1.0 

Calculations  of  possible  values  of  S  are  given  as  a  function  of  temperature 
in  Figure  4.2,  while  calculated  values  of  the  electrical  conductivity  versus  T 
are  presented  in  Figure  4.3.  These  calculated  values  are  combined  with  the  assumed 
value  for  thermal  conductivity  to  give  ZT  versus  T  in  Figure  4.4.  It  appears 
that  ZT  values  greater  than  1.0  are  quite  possible  for  small  polaron  materials. 

Two  key  effects  are  required:  large  values  of  x  to  give  an  adequate  electrical 
conductivity  and  a  finite  value  for  J,  that  is,  hopping  between  inequivalent  sites. 


FIGURE  4.2.  Theoretically  Calculated  Seebeck  Coefficient  as  a  Function  of 
Temperature 
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FIGURE  4.3.  Theoretically  Calculated  Values  for  aT  as  a  Function  of  1/T 


FIGURE  4,4.  Theoretically  Calculated  ZT  as  a  Function  of  Temperature 
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4.3  INTERPRETATION  OF  DATA  FOR  PEROVSKITES 

Several  different  perovskite  materials  (ABO^)  were  studied  this  past  year. 
The  Yj  ^M^CrO^  series  with  H  ■  Mg,  Ca,  Sr  and  Ba  was  investigated  in  detail. 
These  materials  are  assumed  to  have  an  electron  band  diagram  described  by 
Figure  4.5A.  The  ir-band  is  a  narrow  band  with  a  tendency  toward  localization. 
Figure  4. SB  describes  the  expected  band  structure  when  divalent  ions  are  substi¬ 
tuted  on  the  A-lattice.  The  divalent  ion  causes  a  hole  to  be  formed  in  the 
ir-band.  The  hole  is  localized  and  is  thus  a  small  polaron  state.  The  hole  is 
assumed  to  be  in  the  form  of  a  Cr  ion. 

Electrical  conductivity  data  were  acquired  for  temperatures  between  500  K 
to  1400  K.  The  electrical  conductivity  and  Seebeck  coefficient  exhibit  tempera¬ 
ture  dependence  consistent  with  small  polaron  theory.  Thus,  a  and  S  can  be 
expressed  by  the  following  relationships: 

a  -  a  T-1  exp  (-E  /kT) 
o  a 

S  -  A  +  BT 


Small  Polaron 
Electron  State 


YCr03 


Yi.xMxCr03 


FIGURE  4.5.  Electron  Band  Structure  for  YCrO^  (A)  and  (Y^^M^CrO^  (B) 
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Transport  parameters  deduced  by  interpreting  the  data  for  o  and  S  in  terms  of 

the  above  expressions  are  tabulated  in  Table  4.1.  Consider  the  materials  for 

which  Ca,  Sr  and  Ba  have  been  substituted  on  the  A  site.  For  a  given  value  of 

x,  the  parameter  A  increases  with  the  ionic  radius  of  the  dopant  M.  Since  this 

term  primarily  depends  on  the  location  of  the  Fermi  level,  the  actual  value  of  x 

must  be  less  than  the  intended  value.  Figure  4.6  describes  the  A-values 

obtained  for  these  materials  versus  x.  The  behavior  of  A  for  all  materials  is 

in  qualitative  agreement  with  theory.  The  material  for  which  the  data  deviate 

the  most  is  Y.  Ba  CrO_.  Both  A  and  B  Increase  with  x.  This  behavior  is  not 
1-x  x  3 

yet  understood.  Although  the  electrical  conductivity  is  relatively  low,  it  is 
also  increasing  with  x;  thus,  the  Y^Ba^CrO^  should  be  investigated  further. 

Referring  to  Figure  4.6,  the  A  and  A’  are  theoretical  quantities  defined  by 
A  .  <£>  loge(^i20) 

*'  ■  <!> 

TABLE  4.1.  Transport  Parameters  for  Chromites 


0T  @  1000  K 
(ohm  cm  K) 

E 

A 

B  2 

J 

Compound 

X 

(e$) 

(uV/K) 

(uV/r) 

(eV) 

Y,  Ba  CrO, 
1-x  x  3 

0.01 

139 

0.238 

356 

0.0394 

0.0546 

0.02 

190 

0.256 

460 

0.0426 

0.0634 

0.05 

261 

0.251 

461 

0.0489 

0.C659 

Y,  Sr  CrO, 
1-x  x  3 

0.02 

770 

0.205 

323 

0.0427 

0.0455 

0.05 

1337 

0.180 

283 

0.0474 

0.0394 

0.075 

1669 

0.187 

281 

0.0459 

0.0411 

0.1 

1932 

0.182 

262 

0.0498 

0.0411 

0.015 

1755 

0.193 

279 

0.0319 

0.0359 

Yl-xCaxCr°3 

0.05 

3420 

0.208 

204 

0.0561 

0.0532 

0.125 

7768 

0.201 

134 

0.0449 

0.0453 

0.15 

8800 

0.173 

110 

0.0530 

— 

Yl-xM*xCr°3 

0.02 

542 

0.234 

370 

0.0700 

0.0710 

0.10 

1060 

0.0569 

0.0603 

0.15 

1354 

0.256 

276 

0.0241 

0.0477 

4.8 


X 

FIGURE  4.6.  Experimentally  Determined  Values  for  A  in  (Y  M  )CrO_  and 
Theoretical  Values  for  both  A  and  A'  X  X 

The  factor  of  '2'  included  in  the  expression  for  A  accounts  for  spin  degeneracy. 
There  is  no  clear  indication  in  Figure  4.6  that  one  of  these  forms,  A  or  A',  is 
preferred.  Let  us  assume  that  A'  is  correct.  Examination  of  the  experimental 
results  versus  x  indicates  that  substitution  of  Ca  seems  to  result  in  more  than 
one  small  polaron  per  Ca  atom;  while  in  the  other  cases,  there  seems  to  be  less 
impurity  going  into  the  A-site  than  intended.  The  results  for  Ba  substitution 
do  not  agree  with  behavior  predicted  by  the  model  for  small  polaron  transport 
and  are  not  understood  at  this  time. 

Results  for  the  overlap  integral,  J,  are  plotted  versus  x  in  Figure  4.7. 
The  finite  values  of  J  indicate  that  hopping  between  inequivalent  sites  is 
occurring  in  these  materials.  The  most  significant  effect  occurs  with  Mg,  which 
is  consistent  with  the  interpretation  that  some  Mg  goes  onto  the  B-site. 


0  1 


0.08  I- 


O  Y,  .k  Bax  Cr03 
•  Yi  -x  Sr„  Cr03 

A  Yi-x  Ca*  Cr03 


FIGURE  4.7  Experimentally  Determined  Values  of  Overlap  Integral  J  in  (Y^M^CrO^ 

Electrical  transport  properties  for  these  yttrium  chromites  have  been 
successfully  interpreted  in  terms  of  small  polaron  theory.  The  results  suggest 
some  possible  approaches  for  improved  (higher)  ZT  values  of  the  chromites.  The 
addition  of  small  quantities  of  Mg  to  the  chromites  for  intended  substitution 
on  the  A-site  results  in  significant  increases  of  J  and,  consequently,  B. 
Apparently,  a  significant  fraction  of  the  Mg  must  substitute  for  Cr  on  the 
B-site.  Therefore,  improved  values  of  ZT  might  be  achieved  by  the  substitution 
of  Mg  for  a  small  fraction  of  Cr  in  a  highly  conducting  chromite,  such  as 

WVi^iWV 
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5 . 0  FUTURE  DIRECTION 


Future  research  will  continue  to  emphasize  the  small  polaron  transport 
model.  To  verify  and  refine  the  model,  experimental  transport  measurements  will 
investigate  the  effects  of  substitution  in  the  ABO^  perovskite  structure,  particu¬ 
larly  substitution  on  the  B  or  0  sites,  which  should  increase  the  inequivalent 
sites  for  hopping  of  small  polarons. 

The  recent  improvements  in  the  thermal  diffusivlty  apparatus  will  allow  an 
investigation  of  the  effect  of  dopant  (ionic  radius)  on  thermal  conductivity  and 
hence  ZT.  Lattice  distortion,  such  as  that  discussed  in  Section  3.3.2,  should 
decrease  thermal  transport  and  Increase  ZT.  These  measurements  have  been  initi¬ 
ated  for  the  next  reporting  period. 

Next  year,  studies  will  be  initiated  on  other  material  systems,  such  as  the 
sulfides  and  oxysulfides.  Sulfides  are  known  to  exhibit  high  electrical  conduc¬ 
tivity  but  lower  thermal  conductivity  than  the  chromites  (Taher  and  Gruber,  1981). 
Initial  work  will  concentrate  on  sulfur  substitution  for  oxygen  in  the  ABO^ 
perovskites,  since  this  will  allow  easy  application  of  the  model.  Some  material 
preparation  work  has  already  been  initiated.  Eventually,  other  oxysulfides  and 
Sulfides  will  be  investigated  with  compositions  based  on  model  predictions. 
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THERMOELECTRIC  PROPERTIES 


COMPOSITION.-  !LiO.5./O.5>O.<»8SrO.O2Cr03 

SAMPLE  4:  AF.14 

COMBEMTS: 


COEFFICIENTS  TEMPERATURE.  4. 


PROPERTY 

UNITS 

A 

8 

C 

D 

R2 

MINIMUM 

HA/ i MUM 

Icq  iiqta 

l/'ona-ca/ 

5.B20E-01 

3.364E+02 

.... 

— 

0.  9*0 

5b7 

1344 

iogisigaaxK 

)  K/<oh*-ca) 

4. 124E+00 

7. 314E+02 

.... 

— 

0.999 

567 

1544 

laabda 

M/U-K) 

2.927E-G1 

2.355E-04 

.... 

— - 

— 

— - 

S 

uU/K 

2. 105E+02 

3.498E-01 

-3.4006*04 

1.216E-07 

0.380 

606 

1350 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaoerature 

K 

log  siqaa 

1/ toha-ca) 

loq(siqaax4) 

4/!qha-ca) 

iaabda 

«4/C«-K 

S 

uV/K 

t 

L 

1/4 

ZT 

1 

500 

-1.90BE-01 

2.661E+00 

2.4366-02 

3. 1566+02 

2.634E-06 

1.317E-03 

2 

600 

-6.203E-02 

2.9056+00 

2.304E-02 

3.243£t02 

3.9546-04 

2.373E-03 

3 

700 

2.997E-02 

3.079E+00 

2. 186E-02 

3.305E»o2 

5.354E-06 

3.748E-03 

4 

800 

9. 8986-02 

3.210E+00 

2.07*6-02 

3.  350E+02 

6. 7816-06 

5.4256-03 

C 

900 

1.526E-01 

3.311E+00 

1.932E-02 

3. 3866+02 

9. 221  E-Ob 

7.399E-03 

b 

1000 

1.956E-01 

3.393E+00 

1 . 8*3E-02 

3.419E+02 

9.687E-06 

9.687E-03 

■* 

1100 

2.307E-01 

3.459E*00 

1.3126-02 

3.4S?E*02 

1.122E-05 

1.2346-02 

8 

1200 

2.600E-01 

3.514E+00 

1. 738E-02 

3.508E+02 

1.2986-05 

I.546E-02 

y 

1300 

2.34BE-01 

3.561E+00 

1. 670E-02 

3.573E+02 

1.477E-05 

1.920E-02 

10 

1 4»0 

3.060E-01 

3.602E+00 

1.607E-02 

3.s75E*02 

1 . 700E-05 

2.380E-02 

NOTES 


1)  Thertal  conductivity  eata  »as  situated. 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  (La0.5,8<l0.5l0.98Sr0.02Cr03 

SAMPLE  I:  AF_15 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

B  C 

D 

R* 

MINIMUM 

HAIIHUN 

log  sigaa 

1/  (oha-ca) 

7.000E-01 

3.2B7E+02  - 

.... 

0.990 

585 

1543 

loglsigaaxKI  K/(oha-ca) 

4.125E+00 

7.261E+02  - 

.... 

0.999 

524 

1441 

laabda 

M/ (a-K) 

2.927E-01 

2.355E-04  - 

.... 

— 

— 

.... 

S 

uV/K 

3. 040E+-02 

4.870E-02  -1.124E-05 

8.351E-09 

0.910 

610 

1338 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 
l/(o(ia-ca) 

loglsigaaxK) 

K7 (oha-ca 1 

laabda 

N/ca-K 

S 

uV/K 

1 

I/It 

ZT 

1 

500 

4.261E-02 

2.673E+00 

2.436E-02 

3. 265E+02 

4. 828E-06 

2.414E-03 

2 

600 

1.522E-01 

2. 915E+00 

2. 304E-02 

3.309E»02 

6.747E-06 

4.048E-03 

3 

700 

2.304E-01 

3.088E+00 

2. 186E-Q2 

3.354E+02 

8. 750E-06 

6. 125E-03 

4 

800 

2.891E-01 

3.217E+QO 

2.079E-02 

3.400E+02 

1.082E-05 

8.657E-03 

5 

900 

3. J48E-01 

3.318E+00 

1.982E-02 

3. 448E+02 

1.297E-05 

1.1&7E-02 

6 

1000 

3.713E-01 

3.399E+00 

1.893E-02 

3.498E+02 

1.519E-05 

1.519E-02 

7 

1100 

4.012E-01 

3.465E+00 

1.812E-02 

3.550E+02 

1.752E-05 

1.927E-02 

8 

1200 

4.261E-01 

3.520E+00 

1. 738E-02 

3.606E+02 

1.996E-05 

2.395E-02 

9 

1300 

4.472E-01 

3. 56AEv-00 

1.670E-02 

3. 666E+02 

2.254E-05 

2.930E-02 

NOTES 


1)  Thermal  conductivity  data  was  estimated. 


A. 2 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  ‘ V0.5,6fl0.5t0.9flSr0.02Cr03' 

SAMPLE  I:  AFJ6 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  K 


PROPERTY 

UNITS 

A 

B 

C  D 

R* 

MINIMUM 

MAXIMUM 

log  sigia 

1/ (oha-ca) 

9.860E-02 

9.245E+02 

— 

0.990 

552 

1549 

lagisigaaxK) 

K/  (oha-ca) 

3.512E+00 

1.314E+03 

-  - 

0.999 

552 

1549 

laaoda 

2.927E-01 

2.355E-04 

— 

— 

S 

uV/K 

5.571E*02 

-I.535E-01 

1.940E-04  -6. 505E-09 

0.590 

603 

1286 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaoerature  log  sigaa  loq(sigaaxK) 

K  1/ (oha-caJ  K/ (oha-ca) 

laabda 

N/ca-K 

S 

uV/F 

l 

1/K 

2T 

1 

500 

-1. 7506*00 

8.835E-01 

2.436E-02 

5.2806*02 

2.0J3E-07 

1.016E-04 

2 

600 

-1.442E+00 

1.322E+00 

2.304E-02 

5.334E+02 

4.460E-07 

2.676E-04 

3 

700 

-1. 2226*00 

1.634E+00 

2.186E-02 

5.424E+02 

8.072E-07 

5.650E-04 

4 

BOO 

-1.057E+00 

1.869E+00 

2.079E-02 

5.551E+02 

1 . 300E-06 

1.040E-03 

C 

J 

900 

-9.287E-01 

2.052E+00 

1.982E-02 

5. 713E+02 

1.941E-06 

1. 747E-03 

6 

1000 

-8.259E-0! 

2. 198E+00 

1.393E-02 

5.911E+02 

2.755E-06 

2.755E-03 

7 

1100 

-7.419E-01 

2.317E+00 

1.812E-02 

6.143E+02 

3.772E-06 

4.149E-03 

3 

1200 

-6. 713E-01 

2.417E+00 

1 . 738E-02 

6.4106*02 

5.032E-06 

6.028E-03 

9 

1  COO 

-6.126E-01 

2.501E+00 

1.670E-02 

6.7UE+02 

S.581E-06 

3.555E-03 

NOTES 

1)  Theraal  conductivity  data  *as  sstiaated. 


A. 3 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  (YO. 99, BaO.OtICr 03 

SAMPLE  i:  AFJ7 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

1 

C  D 

R* 

MINIMUM 

MAIINUH 

log  sigaa 

lYloha'ca) 

1.500E-01 

1.021E+03 

-  - 

o  .m 

624 

1512 

loqlsiqaaxKl 

K/(oha-ca> 

3.575E+00 

1 . 429E+03 

-  - 

0.990 

624 

1512 

laabda 

N/(a-K) 

2.927E-01 

2. 355E-04 

-  - 

— 

.... 

S 

uv;k 

1 . 068E+02 

8. 027E-01 

-7.635E-04  2.501E-07 

0.950 

784 

1312 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

loq  siqaa 
l/lofn-ca) 

loq(sigaaxK) 

K/<oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

7 

1  It 

ZT 

1 

700 

-1.309E+00 

1.534E+00 

2.186E-02 

3. 804E+02 

3.252E-07 

2.276E-04 

2 

800 

-1.126E+00 

1.789E+00 

2.079E-02 

3.884E+02 

5.425E-07 

4.340E-04 

3 

900 

-9.846E-01 

1 . 987E+00 

1.982E-02 

3.931E+02 

S.082E-07 

7.273E-04 

4 

1000 

-8.7UE-01 

2. 146E+00 

1 . 893E-02 

3.961E+02 

1.115E-06 

1.U5E-03 

5 

1100 

-7.783E-01 

2.276E+00 

1.812E-02 

3.989E+02 

1 . 462E-06 

1 . 609E-03 

6 

1200 

-7. 009E-01 

2.384E+00 

1.738E-02 

4. 02BE+O2 

1.B5BE-06 

2.230E-03 

7 

1300 

-6.355E-01 

2.476E+00 

1.670E-02 

4.095E+02 

2.324E-06 

3.022E-03 

NOTES 


1)  Theraal  conductivity  data  nas  estiaated. 


A. 4 


THERMOELECTRIC  PROPERTIES 


COWOSirifl*:-  <Y0.98,Ba0.02)Cr03 

SAHPLE  l!  AF.18 

COmEHTS: 


COEFFICIENTS  TERPERATUftE,  K 


PROPERTY 

UNITS 

A 

8 

C 

D 

R* 

niNinun 

HAH  RUN 

log  sigaa 

l/(oha-ce) 

1.500E-01 

B.930EMI2 

.... 

.... 

0.990 

569 

1552 

log(sigaaxK)  K/(oha-ca) 

3.570EH10 

1.290E+03 

.... 

.... 

0.999 

569 

1552 

laabda 

N/(a-K) 

2.927E-01 

2. 355E-04 

.... 

.... 

— 

— - 

S 

uV/K 

2.824E»02 

S.152E-01 

-5.971E-04 

2.020E-07 

0.690 

590 

1320 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 
l/loha-ca) 

loglsigaaxK) 

K/(oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

Z 

1/X 

ZT 

1 

500 

-I.636EV00 

9.891E-01 

2.436E-0Z 

4. 660E+02 

2. 060E-07 

1.030E-04 

n 

L 

600 

-1.33BE+00 

1 . 419E+00 

2.304E-02 

4.802E*02 

4.591E-07 

2. 755E-04 

3 

700 

-1.126E+00 

1.727E+00 

2. 186E-02 

4.897E+02 

8.214E-07 

5.750E-04 

4 

800 

-9.663E-01 

I.957E+00 

2.079E-02 

4.95BE+02 

1 . 278E-06 

1.023E-03 

5 

900 

-8.423E-01 

2.136E*00 

1.982E-02 

4.997E+02 

1.812E-06 

1.631E-03 

6 

1000 

-7.430E-01 

2.280E+00 

1 . 893E-02 

5.025E+02 

2.410E-06 

2.410E-03 

7 

1100 

-6.618E-01 

2.397E+00 

1.812E-02 

5.055E+02 

3.071E-06 

3.378E-03 

a 

1200 

-5.942E-01 

2.495E»00 

1.738E-02 

5.099E+02 

3.807E-06 

4.568E-03 

9 

1300 

-5.369E-01 

2.577E*00 

1.670E-02 

5. 168E+02 

4.646E-06 

6.040E-03 

NOTES 


1)  Theraal  conductivity  data  *as  estiaated. 


A. 5 


THERMOELECTRIC  PROPERTIES 


C0HP0SIT1QN:  ( YO. 95, BaO. 05) CrQ3 

SAMPLE  I:  AF_19 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

B  C  B 

R2 

MINIMUM 

NAIIRUH 

log  sigaa 

1/ (oha-ca) 

2.800E-01 

8. 747E+02 

0.990 

571 

1556 

log(sigaaxK) 

K/  (oha-ca) 

3. 701E+00 

1.273E+03  - 

0.999 

571 

1556 

laabda 

N/(a-K) 

2. 927E-01 

2.355E-04 

— 

— 

S 

uV/K 

4.75£E+02 

-8. 100E-03  7.392E-05  -2.958E-08 

0.760 

601 

1333 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 

1/ (oha-ca) 

log(sigaaiK) 

K/ (oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

Z 

1/K 

ZT 

1 

500 

-1.469E+00 

l.  154E+00 

2.436E-02 

4.859E+02 

3.288E-07 

1.644E-04 

2 

600 

-1. 178E+00 

1.579E+00 

2.304E-02 

4.906E+02 

6.934E-07 

4. 161E-04 

3 

700 

-9.696E-01 

1.882E+00 

2. 186E-02 

4.956E+02 

1 . 205E-06 

8.437E-04 

4 

800 

-8. 134E-01 

2. 109E+00 

2.079E-02 

5.009E+02 

1.B55E-06 

1.484E-03 

5 

900 

-6.919E-01 

2.286E+00 

1.982E-02 

5.062E+02 

2.629E-06 

2.366E-03 

6 

1000 

-5.947E-01 

2.428E+00 

1.893E-02 

5. 114E+02 

3.513E-06 

3.513E-03 

7 

1100 

-5. 152E-01 

2.543E+00 

1.B12E-02 

5. 164E+02 

4.492E-06 

4.941E-03 

8 

1200 

-4.489E-01 

2.640E+00 

1. 738E-02 

5.208E+02 

5. 550E-06 

6.660E-03 

9 

1300 

-3.929E-01 

2.722E+00 

1.670E-02 

5.246E+02 

6.670E-06 

8.671E-03 

NOTES 


1)  Tharaal  conductivity  data  aas  estiaated 


THERMOELECTRIC 


I 

I 


COMPOS  I TI GN:  >.  YO.  99 ,  SrO.  02)  Cr03 
SAMPLE  *:  AF.20 


I 

I 

I 


COMMENTS: 


COEFFICIENTS 


property 

UNITS 

A 

B  C 

log  sigaa 

1/ (oha-ca) 

8.B70E-01 

7.964E+02 

log(sigaaxK) 

K/(oha-ca) 

4.269E+00 

1. 149E+03 

laabda 

N/ia-K) 

1.355E-01 

3. 119E-04 

S 

iiV/K 

2.795E+02 

2. 150E-01  -2.067E-04 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 

1/ (oha-ca) 

logisigaaxK) 
K/< oha-ca) 

1 aabda 
N/ca-K 

1 

500 

-7.059E-01 

1.971E+00 

3.431E-02 

n 

400 

*  I04E-01 

2. 354E+00 

3.099E-02 

3 

700 

-2.508E-01 

2.428E+00 

2.824E-02 

4 

800 

-1.085E-01 

2.833E+00 

2.597E-02 

5 

900 

2.078E-03 

2.992E+00 

2.403E-02 

4 

1000 

9.057E-02 

3.120EY00 

2.235E-02 

7 

1100 

1.430E-01 

3.224E+00 

2.089E-02 

8 

1200 

2.233E-01 

3.312E+00 

1.962E-02 

9 

1300 

2. 744E-01 

3.385E*00 

1.849E-02 

10 

1400 

3.181E-01 

3.448EvOO 

1.748E-02 

NOTES 


1)  Theraal  conductivity  data  »as  estimated. 


A. 7 


TEMPERATURE.  K 


R1 

MINIMUM 

MAXIMUM 

— — 

0.990 

468 

1517 

— 

0.990 

468 

1517 

7.689E-08  0.030  627  1518 


S 

uV/K 

2 

1/K 

ZT 

3.449E+02 

6.B25E-07 

3.412E-04 

3.507E+02 

1.439E-06 

B.635E-04 

3.550E+02 

2.504E-06 

1.753E-03 

3. 585E+02 

3.855E-06 

3.0B4E-03 

3.616E+02 

5.468E-06 

4.921E-03 

3.646E+02 

7.32BE-06 

7.328E-03 

3.482E-M32 

9.442E-06 

1.039E-02 

3.727E+02 

1.184E-05 

1.421E-02 

3.  786E+02 

1.458E-05 

1.896E-02 

3.863E+02 

1.776E-05 

2.487E-02 

THERMOELECTRIC  PROPERTIES 


. I-BPOS I’jjHs  . ! 0 . 33, SrO. >5 > Cr03 
SAMPLE  <:  AF  21 


COlWEHTSs 

pjSQPCpT? 

UNITS 

A 

* 

COEFFICIENTS 

9  C  D 

02 

Tt«PEPATvS'  ,  ■ 

MINI  MUM  MRU*1 

log  5:3*3 

1/  '.aha-caf 

6.300E-01 

5. 3001*02  — - 

■>.9«0 

52!  ’55' 

laglsigaaxiO  K/iona-ce) 

4. 033E+00 

9.067E+02  -  - 

0.990 

521  1557 

laaoda 

N/ie-K) 

2. 348E-01 

2.S27E-04 

0.994 

517  HU 

5 

u  v ;  K 

3.412E+02 

-1.310E-01  1.790E-04  -5.924E-08 

O.SeO 

3 1  *  138* 

CALCULATED 

THERMOELECTRIC  PROPERTIES 

Teagerature 

K 

Ioq  sisaa 
l/toha-ca> 

loqlsigaaxlO 
f  '  ‘oha-ca) 

laaoda 

a/ca-K 

S 

uV/K 

Z 

1/K 

■T 

1 

500 

-4.300E-0! 

2.220E*00 

2.S59E-02 

3.131E*02 

1.3'OE-Oc 

6.352E-04 

i 

SOO 

-2.533E-0! 

2.522E+00 

2.473E-02 

3. l44£*0Z 

2. 23lE-‘>6 

i.::?e-o; 

T 

'00 

-1.271E-01 

2.738E+00 

2.311E-92 

3. 172E*02 

3.249E-06 

2.274E-03 

4 

SOO 

-3.249E-02 

2. 900E+00 

2. \ 706-02 

3.211E+02 

4.410E-06 

3. 529E -03 

5 

900 

4.U2E-02 

3.02iE*00 

2.044E-02 

3.258E‘02 

5.  T,)5E-0a 

5. 133E-03 

0 

1000 

1.000E-01 

3. 126F+00 

1.933E-02 

3.309E*02 

7. 135E-06 

7. 135E-03 

7 

itoo 

1.462E-01 

3.204E*00 

1 . 932E-02 

3.3alE»92 

3.674E-06 

9.5*lE-v3 

3 

1100 

1.363E-01 

3.277E*00 

1 . 742E-02 

3.411E‘02 

1 . 030E-05 

l.23aE-02 

9 

1 300 

2.223E-01 

3. 336E+00 

l.as0E-02 

'.4548+02 

l.i«E-!5 

i.559£-’2 

1 400 

2.514E-01 

3. 385E*00 

1.53tE-:2 

3.4S8E*-)2 

l.Ts’E-OS 

l.;16£-Ol 

A.  8 


THERMOELECTRIC  PROPERTIES 


•IlrtPOSI'ION:  '.fO.’25Sr-).075iCr33 

SAMPLE  I:  AF.22 

COIWENTS: 


PROPERTY 

UNITS 

H 

COEFFICIENTS 

3  C  D 

Ra 

TEMPERATURE,  * 
MINIMUM  AAUfrjN 

lag  sigia 

1/ icha-ca> 

7.25GE-01 

5.236E*02 

0. 990 

508 

155s 

logfsigaaxk) 

T/!oh«-c*t 

4.  USE  *00 

9.408E+02 

0.990 

508 

1556 

laioda 

HI !i-K) 

1.355E-01 

3.  i  19E-04  -  - 

— 

.... 

S 

u  V/K 

3. 721E+02 

-2.090E-01  2.329E-04  -O.951E-08 

0.830 

?57 

14*5 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Te«oerature 

F 

log  sigaa 
l/(oh«-c«) 

loglsigtaxp.) 

(■.< 

ia*Bda 

N/cg-K 

S 

aV/K 

t/K 

IT 

1 

700 

-2.2Q9E-02 

2.82!E*00 

2.926E-02 

3. lftlE*02 

3.352E-06 

2.347E-V3 

2 

300 

7.051E-02 

2.'3B9£-*-0»j 

2.597E-02 

3. 184E*02 

4.590E-06 

3.572E-03 

900 

1.432E-01 

3. i20E*00 

2.403E-02 

3. 2 COE ‘02 

b.OOOE'Ot 

5.400E-03 

4 

1000 

2.014E-01 

3.224E*00 

2.235E-02 

3.265Et02 

7.582E-05 

7.582E-03 

e 

J 

1100 

2.490E-01 

3.310E+00 

2.099E-02 

3. 315E*02 

9.330E-06 

l.oiiE-o: 

b 

1200 

2.S87E-01 

3.361E*00 

! .  9&2E-02 

3.3b5E*02 

1. 1I2E-05 

1.347E-.-2 

7 

1 300 

3.222E-01 

3.44 1E*00 

1.S49E-02 

3.413E»02 

1.323E-05 

1. 720E-02 

8 

1400 

3.510E-0! 

3.4s:E*.» 

1. 748E-02 

3.452E*02 

i .  530E-05 

2. !42E-v2 

Q 

1500 

3.  ’39E-01 

3.538E4uO 

1.557E-02 

3 . 490E-O2 

1.73'E-05 

2.505E-02 

NOTES 


Thertal  cviflucti.it*  osta  «as  esv.aated. 


A. 9 


THERMOELECTRIC  PROPERTIES 


CCHP2S I TI»:  '  10. 9«*SrO. ! 0)  CrOl 

SAMPLE  »:  AF_23 

COMMENTS: 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

8  C 

3 

R2 

TEMPERATURE,  , 
MINIMUM  MAjIMUM 

i oa  siqaa 

1/  loha-ca) 

7.S50E-01 

4.938E+02 

— 

0.990 

663  1523 

loqlsiqaaxK) 

K/ <  oha-ca) 

4.203E+00 

9. 157E+02 

— — 

0.990 

663  1523 

laabda 

a/'a-Ki 

1 . 355E-01 

3.1  IRE-04 

— - 

0.990 

500  1550 

S 

■iOlY. 

2. 191E+02 

1.330E-01  -9.842E-05 

3. 104E-08 

0.920 

607  1474 

CALCULATED  THERMOELECTRIC  PROPERTIES 

>aoerature  loq  siqaa  IsglsiqiaxK: 

K  IMoha-ca)  K/(oha-ca) 

laabda 

N/ca-K 

S 

uV/'K 

Z 

1  /  K 

ZT 

1 

600 

-5.303E-02 

2.677E+00 

3.099E-02 

2.852E+02 

2. 296E-06 

1.378E-03 

2 

700 

5. 955E-02 

2.895E+00 

2.826E-02 

2.921E+02 

3.464E-06 

2.425E-0.! 

2 

800 

1.477E-01 

3.033E+00 

2.597E-02 

2.984E+02 

4.918E-06 

3.855E-03 

4 

600 

2.I63E-01 

3.186E+00 

2. 403E-02 

3.042E+02 

6. 339E-06 

5.705E-03 

e 

1000 

2.7!2E-01 

3.287E+00 

2.235E-02 

3.097E*02 

8.0I5E-06 

8.015E-03 

6 

1100 

3. 161E-01 

3.371E*00 

2.089E-O2 

3. 152E+02 

9.842E-06 

1.083E-02 

7 

i  ?0" 

3.535E-0! 

3.440E*00 

1.962E-02 

3.206E+02 

1. 183E-05 

1.419E-02 

i 

1 300 

3.851E-U1 

3.499E*00 

1 . 849E-02 

3. 264E+02 

1.399E-05 

1.819E-02 

9 

1400 

4. I23E-01 

3.549EY00 

1.748E-02 

3.326E+02 

1.635E-05 

2.290E-02 

.) 

1300 

4.358E-01 

3.393E+00 

'..657E-02 

3.394E*02 

I.896E-05 

2.844E-02 

A.  10 


THERMOELECTRIC  PROPERTIES 


CQHPQSI T I OM:  (V0.85,Sr0. l5)CrG3 

SAMPLE  *!  AF.24 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

8  C  D 

Ra 

MINIMUM 

MAXIMUM 

log  sigaa 

1/ (oha-ca) 

8.010E-01 

5. 656E+02  - 

0.990 

647 

1521 

log(stgaaxK)  K/<oha-ca) 

4.235E+00 

9.829E+02  - 

0.990 

647 

1521 

laabda 

N/(a-K) 

1.355E-01 

3. 119E-04 

— 

— - 

S 

uV/K 

4.497E+Q2 

-5.740E-01  6.  790E-04  -2.409E-07 

0.870 

604 

1411 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 

1/ (oha-ca) 

log(stgaaxK) 

K/ (oha-ca! 

laabda 

N/ca-K 

S 

uV/K 

1 

1/K 

ZT 

1 

500 

-3.302E-01 

2.269E+00 

3.431E-02 

3.024E+02 

1.246E-06 

6.229E-04 

2 

600 

-1.417E-01 

2.597E+00 

3. 099E-02 

2.97BE+02 

2.064E-06 

1.23BE-03 

3 

700 

-7.034E-03 

2.831E+00 

2.826E-02 

2.980E+02 

3.092E-06 

2. 165E-03 

4 

800 

9.397E-02 

3.006E+00 

2.597E-02 

3.018E+02 

4.353E-06 

3. 482E-03 

5 

900 

1.725E-01 

3. 143E+00 

2.403E-02 

3. 075E+02 

5.B56E-06 

5.270E-03 

6 

1000 

2.354E-01 

3.252E+00 

2.235E-02 

3. 138E*02 

7.577E-06 

7.577E-03 

7 

1100 

2.868E-01 

3. 341E+00 

2.089E-02 

3.193E+02 

9.444E-06 

1.039E-02 

8 

1200 

3.296E-01 

3.416E+00 

1.962E-02 

3.224E+02 

1.132E-05 

1.359E-02 

9 

1300 

3.659E-01 

3.479E+00 

1.849E-02 

3. 218E+02 

1.301E-05 

1.691E-02 

NOTES 


t)  fheraal  conductivity  data  »as  estiaated. 


A.  11 


THERMOELECTRIC  PROPERTIES 


ClrfOSITION:  •  »*).*5.S»>.vS>Cra3 


SAMPLE  #:  AF_25 
COMMENTS: 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

B  C  0 

R* 

TEMPERA' 

MINIMUM 

'l'R£.  * 

loo  5i?*a 

!/  toh*-ci> 

!.376E*00 

7.582E+02  -  - 

0.95*, 

657 

992 

9.820E-01 

3.69o£+02 

0.989 

992 

1543 

isaisieiaxK) 

K/  !ch*-c«.‘ 

4. 720E+00 

l.  106E+03 

0.999 

657 

992 

4.50oE*00 

9. 984E+02 

0.999 

992 

1 54: 

laicda 

«/!»-»■ 

:.«:te-oi 

2.355E-04  — - 

— 

.... 

S 

ilV/Y 

l .  637E+02 

2. X34E-01  -2. 1 37E-04  8.457E-98 

0.935 

564 

150* 

CALCULATED  THERMOELECTRIC  PROPERTIES 


ie»perature 

K 

loq  S1QB4 

l4  (.oh»-c«) 

laq^signaKK.1 

SMOh«-C«l 

laaDda 

H  c«-K 

c 

u  v/fc 

y 

1  /  K 

’T 

- 

aOO 

1.I23E-0I 

2.877E+00 

2. 304E-02 

2.4UE+02 

3.266E-06 

i.960E-v3 

2 

700 

2.928E-01 

3. 140E+00 

2. 186E-02 

2.459£*02 

5.428E-06 

3.’9°E->3 

- 

300 

4.282E-0! 

3. 330E+-OO 

2.079E-02 

2.499E+02 

9.056E-06 

6.444E-03 

4 

900 

5, -I4E-0I 

'. 508E+00 

1.982E-02 

2.538£t02 

! .21  IE-05 

I . 090E-02 

5 

1 :2*00 

6.124E-01 

3. 608E+00 

1.393E-02 

2. 590E+02 

1 . 440E-95 

1.440E-02 

6 

i !  vO 

6.4eOE">! 

3.i8°E+00 

1.8 ICE-02 

2.e29E*02 

i . 6E8E-05 

l.s57E-,'2 

" 

1200 

s.'40E-)l 

3.757E+00 

1.738E*02 

2.642E*0: 

!.?#0E-O5 

2. 3#IE-'.'2 

3 

:  Zv:) 

3. 977E-01 

3.8J5£*00 

1.6/OE-02 

2. 772E*02 

2.295E-05 

2.96'E-o; 

c 

1  4  .  *; 

7. idOE-OI 

3. 064E+OO 

1.607E-02 

2.377E*'-: 

2.e90E-)5 

3.766E-02 

V 

1 5V*> 

:. TSfcE-Ol 

3.907E*00 

1.54BE-02 

3 . 009£*02 

3.I31E-05 

4.772E-02 

NOTES 


P  Tner»il  conduct'.  t  data  *a$  situated. 


A.  12 


THERMOELECTRIC  PROPERTIES 


C:i»0S!T!3H:  •r9.375.£*«.t25)Cr03 

SAMPLE  »:  ftF_2t 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  * 


PROPERTY 

UNITS 

A 

B  C  11 

02 

MINIMUM 

MAUMUM 

log  sign 

1  icha-ca: 

1.580E+00 

6. 33BE+02 

0. 934 

643 

1179 

1.199£*00 

2.331E+02 

0.362 

1179 

1520 

loc'sigaaxK)  K/ ‘ oha-ca) 

4.956E*00 

1.055E*03 

0,992 

643 

1179 

4.760E+00 

3. 123E+02  — - 

0.992 

1179 

1520 

laabda 

N/ (i-Ki 

4. 219E-01 

2. 120E-04 

0.976 

s47 

1407 

5 

uV/H 

3. 480E+01 

2. 107E-01  -1.648E-04  5.368E-03 

0.990 

602 

134! 

CALCOLmTED  thermoelectric  properties 


Teaoerature 

» 

1  oo  sigaa 

1/  ona-:ai 

loqtsiqaaxK) 

iC/laM-cat 

laaoaa 

N/ca-». 

S 

uViK 

Z 

1/K 

ZT 

1 

500 

2.124E-01 

2.346E*00 

1 . 394E-02 

1.557E*02 

2.086E-06 

1.043E-03 

J 

oOO 

4.403E-01 

3.1«8E*00 

1.8I1E-02 

1.635E+02 

4.045E-06 

2.427E-03 

f 

7 1)(> 

6.031E-01 

3.449E+0O 

1.754E-02 

1.699E-02 

6.e05E-O6 

4.623E-03 

4 

300 

L253E-01 

3.637E-00 

1.691E-02 

!.754E+02 

9.663E-06 

7. 730E-03 

j 

300 

3.202E-01 

3.784E*00 

1.632E-02 

i. 301 £*02 

1.213E-05 

1. 132E-02 

5 

1000 

8.962E-01 

3.901E*00 

1.578E-02 

1.844E*02 

1.697E-05 

1.697E-02 

7 

1100 

3.8?1E-91 

4.022E+00 

1.527E-02 

1.386E*02 

2.262E-05 

2.488E-02 

a 

1200 

1 . . 05E+00 

4.963E+00 

1.479E-02 

1.93!E*02 

2.549E-05 

3.059E-02 

* 

1300 

:.j:oe*oo 

4. 135E*00 

i . 4T4E-02 

l.,81E*02 

2.365E-05 

3.-24E-02 

A.  13 


THERMOELECTRIC  PROPERTIES 


•:;«MStr;a»:  («.a5,c*o.i5»cr03 

SAMPLE  #:  AF_27 
COMMENTS: 


COEFFICIENTS  TEMPERATURE.  I 


PROPERTY 

UNITS 

A 

S 

C  3 

R2 

MINIMUM 

MAI  I  HUM 

log  sigia 

1/ <oh*-c») 

1.401E+00 

4.b05£*02 

0.999 

73b 

1183 

1 . 25BE+00 

2.914E*02 

— 

0.997 

1183 

1550 

Icg'.sisiaxK) 

K/ioha-ca) 

4. 768E+00 

3.221E+02 

- 

0.999 

557 

1183 

4.815E+00 

8.453E+02 

-  —  — 

0.999 

1183 

1550 

laaoda 

N/<«-K) 

1.69JE-01 

S.576E-04 

-  - 

0.904 

543 

1401 

3 

u  V/K 

7.894E+01 

1.439E-01 

-8.630E-05  2.636E-08 

0.98b 

b2b 

1458 

CALCULATED  THERMOELECTRIC  PROPERTIES 


T eioeratare  loo  siqaa  iqqisiqiaxK)  laibda  S  Z  ZT 


< 

1  "oha-cn) 

tJ  loh«-c*i 

N/c«-K 

uV/tf 

1/K 

: 

bOO 

O.335E-0) 

3.398E*00 

1.482E-02 

1.399E*02 

5. 757E-Ob 

3.454E-03 

J 

700 

7. 432E-01 

3.594E*00 

1 . 299E-02 

1 . 464E+02 

9. 135E-06 

6.394E-03 

3 

300 

3.254E-01 

3.740E*00 

1 . 169E-02 

1.523E+02 

1 . 32BE-05 

t . 062E-02 

4 

fOO 

9.893E-01 

3.B55E*00 

1.062E-02 

1.57SE*02 

!.91bE-05 

1.634E-02 

c 

J 

1000 

9.405E-01 

3.94sE*00 

9.733E-03 

!.b29E*02 

2.373E-05 

2.3'(jE-02 

0 

1100 

9.931E-01 

4.028E+00 

B.987E-03 

l.b79E*02 

3.087E-05 

3. 3P6E-02 

T 

1200 

1. OISE *00 

4.094E*00 

8.344E-03 

1.729E+02 

3.710E-05 

4. 4SIE-02 

8 

1300 

!.034E*00 

4.149E+00 

7.797E-03 

1.7S1E-02 

4.403E-05 

5.724E-02 

a 

1400 

1 . 050E*00 

4. 19?E*00 

7.2<W£-03 

1.33eE*‘,’2 

S.179E-05 

7.251E-02 

A.  14 


THERMOELECTRIC  PROPERTIES 


:a«P05ITlCH:  < ro . 99 . «q0 . 02j Cr Q3 

SANPLE  (:  AF.28 

C3HNENTS: 


property 

UNITS 

A 

COEFFICIENTS 

B  C  D 

R2 

TEMPERATURE,  r 
MINIMUM  MAi!  IMUM 

loo  siqia 

l/toha-ca) 

7.400E-01 

9.516EHI2 

0.996 

607 

875 

J  ,5006-01 

6.046E+02 

-  - 

0.999 

875 

1547 

lopisigaaxK) 

it  <oha-ca) 

4.037E+00 

1 . 264E+03 

-  - 

0.997 

607 

875 

3.  S57E+-00 

1. 108E+03 

-  - 

0.998 

875 

1547 

laabda 

N/'.i-K! 

2.927E-0! 

2.355E-04 

-  - 

— 

— - 

S 

uV/K 

4. 925E+02 

-1.900E-01 

1.555E-04  -2.374E-08 

0.972 

749 

1516 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaperature 

log  sigaa 

logisiqiaxK) 

laaoda 

S 

Z 

ZT 

K 

1/loha-cii 

K/!aha-ca! 

N.'ca-K 

uV/K 

1/K 

1 

600 

-8.459E-01 

1.930E+00 

2.3Q4E-02 

4. 293E+02 

1.140E-06 

S.843E-04 

2 

700 

-6.194E-01 

2.231E+00 

2.186E-02 

4.275E+02 

2.009E-06 

1.406E-03 

7 

J 

800 

-4.057E-01 

2. 472E+00 

2.079E-02 

4.278E+02 

3.460E-06 

2.768E-03 

4 

900 

-3.217E-01 

2. 626E+00 

1.982E-02 

4. 301E+02 

4.450E-06 

4.005E-03 

5 

1000 

-2.546E-01 

2.749E+00 

1.893E-02 

4.342E+02 

5.541E-06 

5.541E-03 

6 

1100 

-1.996E-01 

2. 950E+00 

1.812E-02 

4.400E+02 

6.746E-06 

7.421E-03 

i 

1200 

-1.533E-01 

2. 934E+00 

1.738E-02 

4.474E+02 

8.079E-06 

9.695E-03 

B 

1300 

-1. 151E-01 

3. 005E+00 

1.870E-02 

4.561E+02 

9.558E-06 

1.243E-02 

9 

1400 

-8.184E-02 

3.066E*00 

1.607E-02 

4.661E+02 

1. 120E-05 

1.568E-02 

n 

1500 

-5.305E-02 

3. 1 18E+00 

1.548E-02 

4. 772E+02 

1.302E-05 

1.953E-02 

NOTES 


1'  Toeraal  conduct  1  v i tv  data  »as  estiaated. 


A.  IS 


THERMOELECTRIC  PROPERTIES 


CGWOSlTHHIi  m.9O,MgtM0>CrQ3 

SAMPLE  ♦:  Af  VI 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  K 


PROPERTY 

UNITS 

A 

B 

C 

0 

R* 

MIHIMUM 

MAH  MUM 

loa  sigaa 

1/  loha-cat 

9.670E-01 

8.977E+02 

0.992 

409 

987 

5. 400E-01 

4.913£*02 

— — 

— 

0.997 

987 

1549 

loglsiqaaxK)  K/(otia-ca) 

4.291E+00 

1.229E+03 

— 

0.998 

409 

987 

4.044E+00 

1.019E+03 

— 

0.999 

987 

1549 

laaoda 

i/ia-K) 

2. 927E-0* 

2.355F  u4 

— — 

— 

— • 

S 

uV/K 

2.980£t02 

1.910E-01 

-2.203E-04 

8.953E-0B 

0.825 

4J8 

1477 

CALCULATED  THERMOEI  ClTRIC  PROPERTIES 


T eager ?ture 

iC 

log  sigaa 
l/(ofia-ca) 

loqlsigaa*K) 

K/(oha-ca) 

Uadda 

N/ca-K 

S 

uV/K 

l 

UK 

IT 

1 

500 

-8.283E-01 

1 . 834E+00 

2.434E-02 

3.497E+02 

7.451E-07 

3.725E-04 

2 

400 

-5.291E-0! 

2.243E+00 

2.304E-02 

3.527E*02 

1.594E-04 

9.577E-04 

T 

700 

-3. 154E-01 

2.534E+0O 

2.186E-02 

3.545E+02 

2.781E-04 

1.947E-03 

4 

800 

-1.551E-01 

2.755E+00 

2. 0796-02 

3.557E-»02 

4.259E-04 

3.407E-03 

5 

900 

-5.884E-03 

2.931E+00 

1.982E-02 

3.548E+02 

4.334E-04 

5.703E-03 

6 

1000 

4.870E-02 

3.045E+00 

1.893E-02 

3.583E+02 

7. 584E-04 

7.5846-03 

7 

1100 

9. 337E-02 

3.137E-00 

I.812E-02 

3.407E*02 

8.902E-04 

9.  792E-03 

8 

1200 

1.304E-01 

3.2J5E+00 

1 . 738E-02 

3.447Et02 

1 . 034E-05 

1 . 2406-02 

9 

1300 

1.421E-01 

3.280Er00 

1 . 6708*02 

3. 707E+02 

1. 195E-05 

1. 5546-02 

10 

1400 

1.891E-01 

3.336E+0O 

1.407E-02 

3.793E+02 

1 . 384E-05 

1.938E-02 

NOTES 


I)  Theraal  conductivity  data  ms  est ititei. 


A.  16 


THERMOELECTRIC  PROPERTIES 


cawosnoN:  Mo.fls.nqo.is.CrQj 

SAMPLE  I:  AF  30 


COMMENTS: 


COEFFICIENTS  TEMPERATURE ,  t. 


PPOPERTy 

.'HITS 

A 

B 

C 

D 

R* 

MINIMUM 

"All  nun 

log  si oaa 

li  una-ca) 

1 . 1906*00 

1 . 030E+03 

0.99g 

&1B 

1089 

6.B40E-01 

4.936E*02 

— 

— 

0.995 

1089 

1520 

logtsigaaxH! 

l/ioha-ca» 

4. 53PE+00 

1 . 3B0E+-03 

—  - 

— 

0.999 

618 

108° 

4.228E*00 

1.049E+0J 

—  — 

— 

0.999 

1089 

1520 

laafida 

d/ la-10 

927E-01 

2.355E-04 

.... 

— - 

— 

.... 

S 

uV/K 

3. 562E*02 

-1.7506-01 

1.4506-04 

-2.9ABE-0B 

0.380 

600 

1461 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaoerature  log  sigaa  logisigaanK) 

K  l/(oha-ca)  1/ !oha-cel 

iaabda 

B/ca-1 

S 

uv/y 

I 

1/1 

IT 

1 

500 

-8.708E-01 

1 . 779E+00 

2.436E-02 

3.013E-02 

S.017E-07 

2. 508E-04 

2 

600 

-5.273E-01 

2.239E*00 

2.304E-02 

2.970E+02 

1.137E-06 

6.922E-04 

T 

v\ 

TOO 

-2.8206-01 

2.567E+00 

2. 136E-02 

2,946E»02 

2.075E-06 

1.452E-03 

4 

300 

-9. 799E-02 

2. 914E+00 

2.079E-02 

2.938E+02 

J.315E-D6 

2.a52E-03 

5 

900 

4.512E-02 

3.005E+00 

1.992E-02 

2.946E+02 

4.85BE-06 

4.372E-03 

6 

1000 

1.904E-01 

3. 179E+00 

1.893E-02 

2.966E*02 

7.202E-06 

7.202E-03 

7 

1100 

2.353E-0! 

3.275E+00 

1.812E-02 

2.997E+02 

3.519E-06 

9.371E-03 

8 

1200 

2. 727E-01 

3.354E+00 

1.73BE-02 

3. 038E+02 

9.946E-06 

l.!°3E-02 

0 

1300 

3. 0436-01 

3.421E+00 

1.670E-02 

3.086E+02 

1.149E-05 

1.494E-02 

,0 

1 400 

3.315E-01 

3. 479E+00 

1 . 607E-02 

3. 140E+02 

1.316E-05 

1.843E-02 

ii 

1500 

3.550E-01 

3. C29E+00 

1.54BE-02 

3. 198E*02 

1.496E-05 

2.244E-02 

NOTES 


I>  Thfrtjl  conductivity  dot:  »as  estieated. 


A.  17 


THERMOELECTRIC  PROPERTIES 


COMPOSITION!  (La0.84,Sr0. 16) CrQ3 
SAMPLE  I:  AF_36 


COMMENTS:  agl.  by  6eneral  Refractories 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

fi 

C 

S 

R2 

MINIMUM 

RAIIHUH 

log  sigaa 

1/ (oha-ca) 

1.067E+00 

1.321E+03 

0.999 

651 

1173 

1.994E+00 

2.419E+03 

— 

— 

0.996 

1173 

1548 

log(sigaaxK) 

K/loha-ca) 

4. 508E+00 

1.744Ef03 

— 

— 

0.994 

651 

1548 

laabda 

H/(a-K) 

2.927E-01 

2.355E-04 

— 

— 

— 

— 

.... 

S 

uV/K 

1 . 772E+02 

4.000E-03 

-3. 984E-06 

9. 900E-09 

0.943 

606 

1449 

CALCULATES  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 
l/(oha-ca) 

1 og IsigaaxK) 

K/ (oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

l 

1/K 

IT 

1 

600 

•1.135E+00 

1.601E+00 

2.304E-02 

1.803E+02 

1.033E-07 

6. 196E-05 

2 

700 

-8.20BE-01 

2.016E+00 

2. 106E-O2 

1.814E+02 

2.275E-07 

1.593E-04 

3 

800 

-5.849E-01 

2.328E+00 

2.079E-02 

1.829E+Q2 

4. 186E-07 

3.349E-04 

4 

900 

-4.013E-01 

2.570E+00 

1.9B2E-02 

1.848E+02 

6.839E-07 

6.155E-04 

5 

1000 

-2. 545E—01 

2.764E+00 

1.893E-02 

1.871E+02 

1 . 029E-06 

1 . 029E-03 

6 

1100 

-2.054E-01 

2.922E+00 

1 . 812E-02 

1.899E+02 

1.241E-06 

1 . 365E-03 

7 

1200 

-2.209E-02 

3.055E+00 

1.738E-02 

1.9J4E+02 

2.044E-06 

2.453E-03 

8 

1300 

1. J30E-01 

3. 166E+00 

1.670E-02 

1.974E+02 

3.170E-06 

4. 121E-03 

NOTES 


t)  Thareal  conductivity  data  nos  estimated. 


A.  18 


THERMOELECTRIC  PROPERTIES 


COMPOS  I T I OM:  (La0.84,Sr0.l6) <A10.15,Cr0.85!Q3 
SAMPLE  I:  Af  JB 


COMMENTS:  »fg.  by  Beneral  Refractories 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

B  C 

D 

R* 

TEMPERATURE,  X 
MINIMUM  MAXIMUM 

log  sigaa 

1/ (oha-ca) 

1.020E+00 

1.212E+03  — * 

0.996 

637 

1280 

2. 644E+00 

3.264E+03  - 

— 

0.972 

1280 

1515 

log(sigeaxK)  K/(oh»-:e) 

4.411E+00 

1.595E+03 

— — 

0.995 

637 

1515 

laebda 

N/(«-K) 

2. 927E-01 

2.355E-04  - 

— — 

— 

.... 

S 

uV/K 

1 . 204E+O2 

1. 120E-01  -1.267E-04 

5.454E-08 

0.977 

612 

1459 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Temperature 

K 

log  sigea 
l/(ohe-ce) 

loglsigeaxK) 

K/ (ah«-ce) 

laebda 

8/ci-K 

S 

uV/K 

Z 

1/K 

ZT 

1 

500 

-1.404E+00 

1.222E+00 

2.436E-02 

1.611E+02 

4.196E-08 

2.098E-05 

2 

600 

-l.OOOE+OO 

1 . 753E+00 

2.304E-02 

1.639E+02 

1. 166E-07 

6.994E-05 

3 

700 

-7.U7E-01 

2. 133E+00 

2. 186E-02 

1.664E+02 

2.460E-07 

1.722E-04 

4 

800 

-4.952E-01 

2.41SE+00 

2.079E-02 

1.6B7E+02 

4.377E-07 

3.502E-04 

5 

900 

-3.269E-01 

2.639E+00 

1.982E-02 

1.7121+02 

6.969E-07 

6.272E-04 

6 

1000 

-1.922E-01 

2.816E+00 

1.893E-02 

1.743E+02 

1 . 030E-06 

1.030E-03 

7 

1100 

-8.198E-02 

2.961E+00 

1.812E-02 

1.782E+02 

1 . 450E-06 

1.595E-03 

8 

1200 

-7.623E-02 

3. 082E+-00 

1.738E-02 

1.832E+02 

1.621E-06 

1.945E-03 

9 

1300 

1.J30E-01 

3.184E+00 

1.670E-02 

1.899E+02 

2.932E-06 

3.812E-03 

10 

1400 

3. 124E-01 

3.272E+00 

1.6O7E-02 

1.983E+02 

5.024E-06 

7.034E-03 

NOTES 


1)  Therial  conductivity  data  »as  estimated. 


A. 19 


¥ 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  iLau.9,CaO. 1: iflIO. l5,CrO.B5!Q3 

SAMPLE  «:  AF_39 

COMMENTS:  atg.  by  A-T  Research 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

8  C 

D 

R2 

MINIMUM 

MAJIMUM 

log  sigaa 

l/ioha-ca) 

1 . 376E+00 

2. 473E+02 

0.993 

bbh 

1094 

1 . 222E+00 

8. 21 7E+01 

— 

0.917 

1094 

1517 

loglsigeaxK)  K/loha-ca) 

4.  753E+00 

6.211E+02 

— — 

0.999 

666 

1517 

laabda 

H/(a-K) 

2.927E-01 

2. 355E-04  — - 

.... 

— 

— - 

S 

uV/K 

1.282E+02 

2.200E-01  -2.304E-04 

B. 783E-08 

0.900 

641 

1421 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

log  sigaa 

1/ (oha-ca) 

log(sigaaxK) 

K/ (oha-ca) 

laabda 

N/ca-K 

5 

uV/s 

Z 

1/K 

ZT 

1 

600 

9.639E-01 

3. 7 18E+00 

2.304E-02 

1.962E*02 

1.537E-05 

9.224E-U3 

2 

700 

1.023E+00 

3.8fcoE+00 

2.186E-02 

1.994E+02 

1.917E-05 

1.342E-02 

3 

800 

1.067E*00 

3. 977E+00 

2.079E-02 

2. 01 7E+02 

2.283E-05 

1.826E-02 

4 

900 

1. 101E+00 

4.063E+00 

1.982E-02 

2.036E+02 

2.641E-05 

2.376E-02 

5 

1000 

1.140E+00 

4. 132E+00 

1.893E-02 

2. 056E+02 

3.081E-05 

3. 081E-02 

6 

1100 

1. 147E+00 

4. 188E+00 

1.812E-02 

2.0B3E+02 

3.360E-05 

3.696E-02 

7 

1200 

1. 154E>00 

4.235E+00 

1.738E-02 

2. 122E*02 

3.68BE-05 

4.425E-02 

8 

1300 

1 . 159E+00 

4.275E+00 

1.670E-02 

2. 17BE+02 

4.093E-05 

5.321E-02 

NOTES 


I)  Theraal  conductivity  data  »as  estiaated. 


A.  20 


THERMOELECTRIC  PROPERTIES 


CGflPQSI T ION:  La ( HqO. 02 , A10. 15,Cr0.83)Q3 
SAMPLE  I:  AF_40 


COMMENTS:  afg.  by  fieneral  Refractories 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

B  C 

D 

R2 

TEMPERATURE,  K 
MINIMUM  MAXIMUM 

log  sigaa 

1  / (ohe-ce) 

4.U0E-01 

4.  OBOE  v-02 

0.997 

661 

1092 

2.640E-01 

2.506E+02 

— 

— 

0.987 

1092 

1521 

logisigeaxK)  K/lohe-ce) 

3.791E+00 

7.840E+02 

— — 

— — 

0.999 

661 

1521 

laebda 

N/le-K) 

2.927E-01 

2. 355E-04 

— 

— — 

— 

— — 

S 

uV/K 

8. 5O1E+01 

1.274E+00 

-1.655E-03 

6.442E-07 

0.681 

601 

1437 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teeperature 

K 

log  sigea 

1/ (ohe-ce) 

logisigeaxK) 

</<oha-ca) 

1 aebda 
N/ce-K 

S 

uV/K 

2 

1/K 

ZT 

1 

600 

-2.690E-01 

2.484E+00 

2.304E-02 

3.92BE+02 

3.603E-06 

2. 162E-03 

? 

700 

-1.719E-01 

2.671E+00 

2. 186E-02 

3.B68E+02 

4.609E-06 

3.226E-03 

3 

BOO 

-9.901E-02 

2.8UE+0Q 

2.079E-02 

3.748E+02 

5.382E-06 

4.305E-03 

4 

900 

-4.234E-02 

2.920E+00 

1.982E-02 

3.607E+02 

5.955E-06 

5.360E-03 

5 

1000 

1 . 343E-02 

3.0078*00 

1.893E-02 

3.482E+02 

6.606E-06 

6.606E-03 

6 

1100 

3.621E-02 

3. 079E+00 

1.812E-02 

3.413E+02 

6.985E-06 

7.684E-03 

7 

1200 

5.519E-02 

3.138E+00 

1.738E-02 

3. 438E+02 

7.721E-06 

9.265E-03 

8 

1300 

7. 126E-02 

3.188E+00 

1.670E-02 

3.596E+02 

9. 123E-06 

1.1B6E-02 

NOTES 


1)  Thereat  conductivity  data  us  esueated. 


A. 21 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  La(Mgu.02,Al0. 15, CrO. 83)03 
SAMPLE  I:  AMI 

COMMENTS:  efg.  by  A-T  Research 


COEFFICIENTS  TEMPERATURE,  K 


PROPER TT 

UNITS 

A 

8 

C 

0 

R* 

MINIMUM 

NAIIMUM 

log  sigea 

1/ (oha-ce) 

8.020E-01 

3. 905E+02 

0.994 

632 

1187 

6. 280E-01 

1.956E+02 

— 

— — 

0.999 

1186 

1509 

log(sigeaxK) 

K/(ohe-ce) 

4. 179E+00 

7.612E+02 

.... 

— 

0.999 

632 

1509 

laaboa 

N/(e-K) 

2.927E-01 

2. 355E-04 

— 

— 

.... 

S 

uV/K 

5.032E+02 

-4.950E-01 

4.619E-04 

-1.327E-07 

0.567 

603 

1385 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teeperature 

K 

log  sigea 

1/ (oha-ce) 

log(sigaaxK) 

K / (oha-ce) 

laabda 

N/ce-K 

S 

uV/K 

Z 

1/K 

ZT 

1 

500 

2.091E-02 

2.657E+00 

2.436E-02 

3.546E+02 

5.414E-06 

2.707E-03 

2 

600 

1.511E-01 

2.910E+00 

2.304E-02 

3.438E+02 

7.264E-06 

4.358E-03 

3 

700 

2.441E-01 

3.092E+00 

2.186E-02 

3.375E+02 

9. 142E-06 

6.399E-03 

4 

800 

3. 138E-01 

3.227E+00 

2.079E-02 

3.348E+02 

1. 111E-05 

8.869E-03 

5 

900 

3.681E-01 

3. 333E+00 

1.982E-02 

3. 351E+02 

1 . 322E-05 

1. 19OE-02 

6 

1000 

4.115E-01 

3.418E+00 

1.893E-02 

3.374E+02 

1.550E-05 

1.550E-02 

7 

1100 

4.502E-01 

3. 487E+-00 

1.812E-02 

3.409E+02 

1 . 809E-05 

1.989E-02 

8 

1200 

4.650E-01 

3.545E+00 

1.738E-02 

3.450E+02 

1 . 998E-05 

2.397E-02 

9 

1300 

4.776E-01 

3.593E+00 

1.670E-02 

3. 487E+02 

2. 187E-05 

2.843E-02 

NOTES 


1)  Thereat  conductivity  data  eas  estimated. 


A.  22 


THERMOELECTRIC  PROPERTIES 

COMPOS  IT! OM:  !La0.9,Ca0. 1) (A10. IS, CrO. 85)33 
SAMPLE  I:  AF_42 

COMMENTS:  aFq.  by  General  Refractories 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

B 

C 

D 

R* 

MINIMUM 

MAXIMUM 

loq  siqaa 

1/ioha-ca) 

1.301E+00 

4. 848E+02 

0.994 

581 

1187 

1.06BE*00 

1.989E+02 

— — 

— — 

0.934 

11B7 

1507 

loq (siqaaxK)  K/ (oha-ca) 

4.672E+00 

8. 471E+-02 

.... 

.... 

0.998 

5B1 

1507 

laabda 

N/(a-K) 

2.927E-01 

2. 355E-04 

.... 

.... 

— 

.... 

S 

uV/K 

1 . 424E+02 

1.650E-01 

-1.456E-04 

5.239E-08 

0.942 

603 

1324 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teeperature 

K 

loq  siqaa 

1/ (oha-ca) 

loqlsiqaaxK) 

X/ (oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

Z 

1/K 

ZT 

1 

500 

3.315E-01 

2.978E+00 

2.436E-02 

1.950E+02 

3.348E-06 

1.674E-03 

2 

600 

4.931E-01 

3.260E+00 

2.304E-02 

2.003E+02 

5.416E-06 

3.250E-03 

3 

700 

6.085E-01 

3. 462E+-00 

2.186E-02 

2.045E+02 

7.766E-06 

5.436E-03 

4 

800 

6. 951E-01 

3.613E*00 

2.079E-02 

2.  OBOE +02 

1.031E-05 

8.250E-03 

5 

900 

7.624E-01 

3.731E+00 

1.982E-02 

2.111E+02 

1.301E-05 

1.171E-02 

6 

1000 

8. 162E-01 

3.825E+00 

1.893E-02 

2. 141E+02 

1 . 587E-05 

1.5B7E-02 

7 

1100 

8.872E-01 

3.902E+00 

1.812E-02 

2.174E+02 

2.011E-05 

2.213E-02 

8 

1200 

9.023E-01 

3. 966E+00 

1.73BE-02 

2.212E+02 

2.248E-05 

2.698E-02 

9 

1300 

9. 150E-01 

4.020E+00 

1 . 670E-02 

2.259E+02 

2.513E-05 

3.266E-02 

NOTES 


1)  Thereal  conductivity  data  ms  estiaated. 


A.  23 


THERMOELECTRIC  PROPERTIES 


2CMPQSITI3N:  30* > aPr 02 . '0a/ at r 3: 

SAMPLE  4:  FCCPI66 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PPOPERTf 

UNITS 

A 

B 

r 

D 

fi* 

MINIMUM  MAJ1MUM 

loo  siaaa 

!/ (oha-ca) 

2. 751E+00 

5.  443E*03 

— 

— 

0.995 

585 

1555 

lod'sigaaxK)  K/ioha-ca) 

— - 

— 

— - 

— — 

. 

laadda 

N/ta-K) 

j.OOOE-O! 

.... 

.... 

. 

S 

u  V/K 

-1.205E+02 

1.399E+00 

-s.osiE-o; 

2.439E-07 

0.424 

814 

1383 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teanerature  loo  siqaa  lee’sigaaxK) 

K  l,- '.aha-cai  Kt  iaha-cai 

laadda 

N/ca-f. 

5 

uV/K 

Z 

1/K 

ZT 

1 

700 

-5.02SE+00 

-2. 180E+00 

2.000E-02 

4. 175E+02 

8.227E-11 

5.739E-08 

2 

BOO 

-4.05IE+00 

- 1 . !  50E+00 

2.000E-02 

4.410E+02 

3.605E-10 

4.364E-07 

7 

«oo 

-3.297E+00 

-3.423E-01 

2.000E-02 

4. 551E+02 

5. 22aE-09 

4.704E-06 

4 

1000 

-2.492E+00 

3.077E-01 

2.000E-02 

4.615E+02 

2. 163E-08 

2.143E-05 

5 

1100 

-2. 197E-*- 00 

3.440E-0! 

2.000E-02 

4.414E+02 

6. 755E-08 

7.431E-05 

6 

1200 

-1.785EtOO 

! .  294E+00 

2. 00OE-02 

4.5d4E*02 

1.708E-07 

2.050E-04 

7 

13'JO 

•  1 . 43&E+00 

1.478E+00 

2.000E-02 

4.4-9£*02 

3.475E-07 

4.777E-04 

3 

HO1'1 

-1. 137E+00 

2.00°E+00 

2. OOOE-02 

4.3?5E*02 

e.?79E-07 

9.770E-04 

NCTES 


!)  laqtsiaaaxr,!  was  calculated  fro*  loo  sipaa  and  teaoerature  calculated  data. 
2'  ’Heraal  conductivity  data  »as  estiaated. 


A.  24 


THERMOELECTRIC  PROPERTIES 


T£nf'E?:AT't‘RE.  f 
a3  rt i « i rti?i  'AiiauN 


I09  siqaa  !•  '&M-c*i  e.940£-01  LOboE+03  -  -  0.497  *10 

IdgtsiqaaxlM  it  Mom*:*)  —  —  —  —  - 

laabda  5.00vE-01  -  —  -  - 

S  av  •  2.S#4E»«:  -7.023E+00  5.917E-03  -1.4S4E-0*  0.384  1136 


CALCULATED  THERMOELECTRIC  PROPERTIES 


Tenceraiure 

K 

joq  siota 

l.'!3n»-c*i 

loqtsiqaaxiO 

t.'i01»-C*! 

laabda 

a/ca~« 

S 

UV'K 

1 

L 

i/K 

ZT 

! 

\  -m 

372E+00 

t.:S5t*0l 

2.  u'juE-02 

4.M1E+02 

3.471E-08 

3. 4716-05 

1 

1100 

-2. 0 92E*»0 

M66E-01 

2.  >OOE-l>2 

3.969E+02 

6. 36  IE -08 

8.997E-05 

T 

iCOO 

~1 . SalStOv 

1.2l9E*00 

2.0006-02 

3.989E+02 

1.J97E-07 

1.316E-04 

4 

\  roo 

-1.664E+00 

1 . 450E+00 

2.0006-02 

4.001E+02 

1 . 735E-07 

2.255E-0* 

C 

-1.46st*0'J 

1 . o'OE+OO 

2. 0006-02 

3.?07E*02 

2.  437E-07 

3.412E-04 

VOTES 


1'  ::D:i)a*aaf.‘  »as  calculated  traa  log  aiqaa  and  temerature  calculated  data. 
*)  'becaa;  :jncu;tmtv  data  *as  estiiated. 


1547 


ZI^CSITiCR:  -va.  :;nCC3..’:.**  ;Zr3I 

SAMPLE  4:  CCC?54 

COMMENTS: 

COEFFICIENTS 

“SOFEhTv  UNITS  a  3  C  D 


A.  25 


THERMOELECTRIC  PROPERTIES 


23NP0SIT12N:  ’5*.'Oln203.i«»;iZra2 

SAMPLE  4:  FCCP144 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  «, 


PROPERTY 

UNITS 

A 

B 

C  D 

Q2 

MINI mum 

MAX IMUM 

log  sigaa 

l.Mona-ca! 

2.260E*00 

9.843E*01 

0.950 

663 

1079 

logisigaaxtD  K/(ona-ca) 

3. 513E+00 

1.449E+03 

— 

0.977 

1079 

1542 

laabda 

e/<a-KI 

5.000E-01 

— — 

-  - 

— 

— - 

S 

u  V/K 

1 . 630E+02 

-6.320E-01 

4.2B8E-04  -8.760E-08 

0.881 

932 

1428 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Tetperature 

* 

log  sigaa 

1/  <oha-ca) 

logisioaaxf.) 

K/(oha-cal 

laabda 

N/ca-K 

S 

uV.  K 

l 

l'K 

2T 

1 

800 

2. 137E+00 

5.040E+00 

2.000E-02 

-9.304E+01 

5.933E-05 

4.746E-02 

•} 

900 

2. 1 5 1 E  +00 

5. 105E+00 

2. 0O0E-02 

-1.024E+02 

7.410E-05 

6.669E-02 

7 

1 000 

2. 06 4E »00 

5.064E*00 

2.000E-02 

-1.078E+02 

6.730E-05 

6.730E-02 

4 

1100 

2.195Et00 

5. Z37£*00 

2.000E-02 

-1. 100E+02 

9.483E-05 

1.043E-01 

r 

1200 

2.305E*90 

5.384E*00 

2. 000E-02 

-1.093E+02 

1 . 207E-04 

1.448E-01 

0 

1 300 

2.3«8E‘00 

5.512E+00 

2. 0OOE-O2 

-1.064E*02 

1.416E-04 

1.841E-01 

T 

1400 

2.473E+00 

5.o24EtOO 

2.  OOOE-02 

-l.017E*02 

1.355E-04 

2.177E-01 

NOTES 


1)  lcgisioaaxK)  ms  calculated  fro*  log  sigaa  and  teagerature  calculated  data. 

2)  Thereal  conduct: vi t v  data  was  estiaated. 


A.  26 


THERMOELECTRIC  PROPERTIES 


12*  jiMMU:  13.2*  j!n223.53.  ?«-'9PrQl,23. jt/0Zr02 

SAnPlE  4:  fCuf'liO 

CGWIENTS: 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

6  C 

S 

R2 

T6HPERATURE,  r. 

11  INI  HUH  HA II  NUN 

log  siaia 

1/  ion*-c«> 

-J.330E-0! 

2. 5626*03 

0.998 

552  1390 

2. 076E+00 

5.5746+03 

— 

0.997 

1390  1537 

icg'sioaaxT) 

K/iah*-c«> 

.... 

-  - 

— 

iaisda 

d/'»-K) 

S. 0006*01 

-  - 

— 

— 

. 

S 

uV/K 

5.3636+01 

-3. I 90E-01  1.7336-04 

-2.1936-08 

0.992 

577  1393 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teicerature  loq  siaaa  lsq'siqaaslu 

K  l/ion*-c«)  K/'.on«-c«) 

laibda 

H/C6-K 

S 

liV'K 

7 

1/K 

ZT 

1 

500 

-5.2596+00 

-2.5596+00 

2.0006-02 

-6.5286+01 

1.1776-12 

5.8B5E-10 

L 

600 

-4.4046+00 

-1.6266+00 

2.0006-02 

-8.0126+01 

1.267E-11 

7.602E-09 

7 

700 

-3.794E+00 

-9.4856-01 

2.0006-02 

-9.2276+01 

6. 8486-11 

4.793E-08 

4 

800 

-3.3366+00 

-4.3296-0! 

I. 0006-02 

-1. 0196+02 

2.3946-10 

1.915E-07 

5 

900 

-2. 980E+00 

-2.587E-02 

2.0006-02 

-1.0916+02 

6.228E-10 

5.605E-07 

0 

1000 

-2.6956+00 

3.0466-01 

2.0006-02 

-1.1406+02 

I.ZiOE-O0 

1.310E-06 

7 

1100 

-2.462E+00 

5.7896-01 

2.0006-02 

-1. 168E+02 

2.3506-09 

2.585E-06 

8 

1200 

-2.2686+00 

8. 1086-01 

2.0006-02 

-1. !75E+02 

3. 7  2  IE-)0 

4.467E-06 

9 

1300 

-2.211E+00 

9.0266-01 

2.0006-02 

-1. !s4E+02 

4. Io26-09 

5.410E-06 

0 

1400 

-1.9056+00 

1.241E+00 

2.0006-02 

-!.  135E+02 

3.0106-09 

1. 121E-05 

NOTES 


l>  lsgisigtaxlO  ms  calculated  froa  log  sigaa  and  teeoeratjre  calculated  data. 
2)  Thereai  conductivity  data  *as  estiaated. 


A. 27 


THERMOELECTRIC  PROPERTIES 


;:iPrJ5!T!GN:  :0.la,-oIn203.3’.aa/oPr02.40.2a'iZn!2 

SANPLE  I:  FCCP«3 

COMNEMTS: 


COEFFICIENTS  TEMPERATURE,  K 

PROPERTY  UNITS  A  S  C  0  R*  HININUN  MAXIMUM 


1 oa  sjgea 

1- 'oha-cal 

-2.340E-01 

4. 4B3E+02 

0.  999 

551 

885 

2.525E+00 

2.4896*03  - 

0.981 

883 

1547 

log(sigaaxK) 

K/!oha-ca) 

.... 

-  -  - 

— 

— - 

laabda 

H  ta-K) 

5.0006-01 

-  . —  - 

— 

— — 

Q 

uV/K 

8.3906*0! 

-4.888E-01  3.790E-04  -9.2076-08 

0.949 

535 

1377 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaoerature  log  sigaa  loqisaoaaxKl 

K  l/<ohe-cai  K/laht-ca) 

laabda 

N/ca-K 

c 

uV/ ► 

2 

1/K 

2T 

i 

500 

-1.1336*00 

1.544E+00 

2.0006-02 

-7.7246*0! 

2. 1996*08 

l. 1006-05 

l 

600 

-9.831E-01 

1.7956*00 

2.0006-02 

-9.283E*01 

4.479E-08 

2.487E-05 

> 

700 

-8. 7446-01 

l.949E*00 

2.0006-02 

-1.0416*02 

7.206E-08 

5.0456-05 

4 

800 

-8.3576-01 

2.0476*00 

2.0006-02 

-1.117E+02 

”. 1116-08 

7.289E-05 

4 

900 

-4.4236-01 

2.4926*00 

2. 0006-02 

-1. 141E+02 

2.327E-07 

2.094E-04 

a 

1000 

-1.4356-01 

2.834E*00 

2.0006-02 

-1.1806*02 

4.775E-07 

4. 7756-04 

*» 

too 

8.0886-02 

3. 1226*00 

2.0006-02 

-1.1776*02 

8.3506-07 

9.185E-04 

8 

1200 

2.34b£-o1 

3.364E»00 

2.0006-02 

-1. loOE+02 

1.295E-06 

1.555E-03 

9 

1300 

4.5496-01 

3.5716*04 

2.0006-02 

-1.1336*02 

1.8386-06 

2.3906-03 

0 

1400 

s. 0446-01 

3.7516*00 

2.0006-02 

-1.1026*02 

2.4446-04 

3.422E-03 

NOTES 


1?  1 oq tsi gaaxK>  his  calculated  Proa  led  aigaa  and  teagerature  calculated  data. 
2 )  Therial  conductivity  aita  mi  estiaated. 


A.  28 


THERMOELECTRIC  PROPERTIES 


JjBPOSITISII:  23«/ s!n:a3. 34.  3a/ aPrQ2.*2. 7a/oZr02 
SAMPLE  I:  FCLP52 


COMMENTS: 


COEFFICIENTS  TEMPERATURE,  f. 


PROPERTY 

UNITS 

A 

B 

c  s 

R* 

MINIMUM  MAI I MUM 

log  sigia 

1/  tana-ca) 

1 . 220E+00 

2.691E+0G 

1.4UE+03 

2.582E+03 

—  — 

0.970 

0.997 

066  817 

817  1556 

logiiigaaxlO 

fj  (cha-ca) 

— - 

— - 

—  — 

. 

laaoda 

N/(  a-».) 

5.000E-01 

— — 

—  — 

. 

S 

uVlK 

2. 184E+01 

-2.3UE-0) 

1.010E-04  -4.301E-09 

0.988 

556  1378 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaoerature 

k 

log  siaaa 
l/'otia-ca) 

ioglsigaaxK) 

*7<oha-cal 

laaoda 

N/ca-r 

3 

uVA. 

Z 

S/K 

ZT 

1 

500 

-1.603E+00 

1.096E+00 

2.000E-02 

-6.399E+01 

5. 9406-09 

2. 9706-06 

•) 

6  00 

-1.132E+00 

1.646E+00 

2. 0006-02 

-8.139E+01 

2.442E-08 

1.465E-05 

3 

700 

-9.974E-01 

1.848E+00 

2.000E-02 

-9. 191E+01 

*.  2496-08 

2.974E-05 

4 

800 

-5.364E-01 

2.367E+00 

2. OOOE-02 

-1 . 0066*02 

1 . 472E-07 

1.1776-04 

5 

900 

-1.778E-01 

2.776E+00 

2.000E-02 

-1 . 0756*02 

3.835E-07 

3. 4526-04 

b 

1 000 

1.091E-01 

3.1098+00 

2. 0006-02 

-1. 126E+02 

8.143E-07 

8. 143E-04 

i 

i 

1100 

3.438E-01 

3.385E+00 

2. 0006-02 

-1-1596+02 

1 . 482E-06 

1 . 6306-03 

3 

1200 

5.394E-01 

3.6J9E+00 

2. 0006-02 

-1.175E+02 

2.389E-06 

2.367E-03 

9 

1300 

7.049E-01 

3.819E+00 

2.0008-02 

-1. 173E+02 

3.490E-06 

4.537E-03 

10 

1400 

3.4688-01 

3.993E+00 

2. 0006-02 

-1 . 1556+02 

4.6906-06 

6.566E-03 

NOTES 


1)  l9gis;sM<H  »as  calculated  troa  log  siaaa  and  teaoerature  calculated  data. 
2'  Theraal  ccnsuctr/itv  data  aas  estnated. 


A.  29 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  36.6a,}In233,28.6a/oPr02.34.aa/oZrQ2 

SAMPLE  4:  FCCP51 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  * 


PROPERTY 

UNITS 

A 

B  C 

D 

R* 

MINIMUM 

MAI  I  MUM 

loq  sigaa 

l/(oha-ca) 

1.91 1E+00 

8. 635E+02 

0.978 

539 

746 

3.445E+00 

2.065E+03 

— 

0.994 

744 

1565 

loqlssqeaxK)  K/(oha-ca) 

— 

-  - 

— - 

— 

.... 

laefida 

4! («-Kl 

5. OOOE-Ol 

-  - 

— - 

— 

.... 

S 

uV/K 

7.600E+00 

-1.M0E-01  -1.254E-05 

5. 291E-08 

0.992 

484 

1221 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaoerature  loq  siaaa  ioqisiqaaxK) 

F  IMoha-cal  F/!ehe-ca) 

laabda 

N/ca-F 

S 

uY/n 

Z 

1/K 

ZT 

1 

500 

1.841E-91 

2.883E+00 

2.000E-02 

-7.092E+01 

3.B42E-07 

1.921E-04 

600 

4.719E-01 

3.250E+00 

2.000E-02 

-8.399E+01 

1.043E-06 

6.257E-04 

3 

'00 

5.150E-01 

3.360E+00 

2.000E-02 

-9.520E*01 

1 . 483E-04 

1.038E-03 

4 

300 

8. 338E-01 

3.787E+00 

2.000E-02 

•1.045E+02 

4.181E-06 

3.345E-03 

e 

900 

1.171E+00 

4. 125E+00 

2.000E-02 

-1. 116E*02 

9.221E-06 

8.299E-03 

6 

1000 

1.400E+00 

4.400E+00 

2.000E-02 

-1. 160E+02 

1 . &91E-05 

1.691E-02 

7 

1100 

1.588E+90 

4.429E+00 

2. 000E-02 

-1.176E+02 

2.674E-05 

2.941E-02 

3 

1200 

1.  744E+00 

4.323E-00 

2.000E-02 

-1.158E+02 

3.722E-05 

4.467E-02 

NOTES 


1'  loglsigaaxK)  us  calculated  Trot  log  sigaa  and  tewerature  calculated  data. 
2’  Thereal  conductivity  data  us  eitiaated. 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  1 1 . 2a/ oln203 . 38 . 8a/ oSn02 

SAMPLE  «:  'C.56 

COMMENTS: 


COEFFICIENTS 

PROPERTY  UNITS  A  B  i 


TEMPERATURE.  K 
R*  MINIMUM  MAXIMUM 


log  sigta 

l/(oht-c«) 

1.476E+00 

8. 231E+02 

0.980 

613 

mi 

log(sigaaxK) 

K/loht-ct) 

— - 

-  -  - 

— 

— - 

latbda 

N/fa-K) 

4. 249E-02 

2.503E-04  — - 

0.910 

563 

1101 

S 

uV/K 

5.899E+01 

-2.277E-01  9.738E-05  -2.292E-09 

0.986 

601 

1335 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teioerature  log  sigta  log(sigaaxK) 

K  l/(oha*ca)  K/(oha-ca! 

latbda 

N/ct-K 

S 

uV/K 

Z 

l/K 

ZT 

1 

500 

-1.702E-01 

2. 529E+-00 

3.964E-02 

-3.QB1E+01 

1.075E-08 

5.376E-06 

2 

600 

1.042E-01 

2.882E+00 

5.190E-02 

-4.307E+01 

4. 544E-08 

2.727E-05 

T 

3 

700 

3.001E-01 

3. 145E+00 

4.593E-02 

-5. 348E+01 

1 . 243E-07 

8.700E-05 

4 

900 

4.471E-01 

3.350E+00 

4.119E-02 

-6.203E+01 

2.615E-07 

2.092E-04 

3 

900 

5.O14E-01 

3.5l6£r00 

3.734E-02 

-6.875E+01 

4. 610E-07 

4. 149E-04 

6 

1000 

6.529E-01 

3. 653E+00 

3.415E-02 

-7.364E+01 

7. 140E-07 

7. 140E-04 

7 

1100 

7.277E-01 

3. 769E+00 

3. 146E-02 

-7.672E+01 

9.994E-07 

1.099E-03 

NOTES 


1)  logisigaaxio  itas  calculated  Trot  log  slgaa  and  teiperature  calculated  data. 


A. 31 


THERMOELECTRIC  PROPERTIES 


ZOHPOSITION:  !6.3a/aIn2G3,B3.6a/oSn02 


SAMPLE  •:  FC.57 
COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

B  C  D 

R* 

MINIMUM 

MAXIMUM 

lag  sigaa 

l/(oha-ca> 

1 . 409E+-00 

1 . 155E+03 

0.999 

606 

961 

iag(sigaaxK) 

K/(oha-ca) 

— - 

-  -  - 

— 

— — 

latbda 

H/'i-K) 

1.943E-01 

1 . 982E-04  - 

0.720 

610 

1088 

S 

uV/ K 

-9.807E+00 

-2.660E-02  -9.322E-05  5.899E-08 

0.994 

607 

1312 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teagerature 

X 

log  sign 
1/ioha-ca) 

log (stgaaxK) 

X/ loha-ca) 

laabda 

tt/ca-K 

S 

uV/K 

2 

1/K 

ZT 

1 

500 

-9.010E-01 

1.798E+00 

3.408E-02 

-3.904E+01 

5.616E-09 

2.308E-06 

? 

600 

-5.160E-01 

2.262E+00 

3. 193E-02 

-4.659E+01 

2.072E-08 

1.243E-05 

7 

700 

-2.410E-01 

2. 604E+00 

3.003E-02 

-5. 387E+01 

5.549E-08 

3.8B4E-05 

4 

300 

-3.475E-02 

2.B68E+00 

2.834E-02 

-6.055E+01 

1 . 194E-07 

9.552E-05 

5 

900 

1.257E-01 

3.080E+00 

2.683E-02 

-6. 625E+0I 

2. 185E-07 

1.966E-04 

6 

1000 

2.540E-01 

3.254E+00 

2.54BE-02 

-7.064E+01 

3.515E-07 

3.515E-04 

NOTES 


I)  lag<sigaa«IO  mis  calculated  Ira*  lag  sign  and  teaperature  calculate)  data. 


A.  32 


THERMOELECTRIC  PROPERTIES 


C0MPD51 TJQH:  30. sa/olfi203,b9. 4Sn02 

SAMPLE  I:  FC.59 

COMMENTS: 


PROPERTY 

UNITS 

A 

COEFFICIENTS 

B  C 

D 

R1 

TEMPERATURE.  K 
MINIMUM  MAXIMUM 

log  sigaa 

l/(oha-ca) 

2. 142E+00 

-2.715E+02 

0.980 

1331 

1731 

2. 751E+-00 

8.670E*-02 

— 

— 

0.940 

708 

1148 

lag(sigaaxK) 

K/ioha-ca) 

•— 

— - 

— - 

.... 

— 

.... 

laabda 

8/  !a-K) 

1.943E-01 

1.982E-04 

— - 

— 

— 

— - 

s 

uV/K 

-1.930E+01 

1.552E-02 

-1. 104E-04 

5.332E-0B 

0.998 

b  09 

1333 

calculated  thermoelectric  properties 


Teaperature 

K 

log  sigaa 
l/'ofta-ca) 

logtsigaaxK) 

k/laha-cal 

laabda 

N/ca-K 

S 

uV/K 

l 

1/K 

ZT 

1 

iOO 

1 . 306E+-00 

4.084E*00 

3. 193E-02 

-3.321E+01 

9.254E-07 

5.552E-04 

2 

700 

1.512E+00 

4. 35BE+00 

3.003E-02 

-4.424E+01 

2. 121E-06 

1.485E-03 

3 

900 

1 . 6&7E+00 

4.570E+00 

2.934E-02 

-5.924E+01 

4. 140E-06 

3.312E-03 

4 

900 

1.78BE+00 

4.742E+00 

2.683E-02 

-5.589E+01 

7. 138E-06 

4.425E-03 

5 

1000 

1 . B84E+00 

4.884E+00 

2.348E-02 

-6.Q86E+01 

1. 113E-05 

1.U3E-02 

b 

1100 

1.963E+O0 

5.004E+00 

2.425E-02 

-6.484E+01 

1.591E-05 

1.751E-02 

7 

1200 

2.348E+00 

5.447E+00 

2.314E-02 

-6.752E+01 

4.599E-05 

5.519E-02 

8 

1300 

2.351E+00 

5.465E+00 

2.213E-02 

-b.95bE*0l 

4.765E-05 

6. 194E-02 

MOTES 


!'  loglsiaaaxk)  ms  cal cu! atea  troa  log  sigaa  ana  teaperature  calculated  data. 
21  Theraal  conduct i vi ty  data  ms  estnated. 


A. 33 


THERMOELECTRIC  PROPERTIES 


COMPOS I T I  ON:  40a/ o i n2Q3 , 60a/ o5n02 

SAMPLE  I:  FCJ25 

COMMENTS: 


COEFFICIENTS 

PROPERTY  UNITS  A  B  C 


TEMPERATURE,  r, 
R*  MINIMUM  MAT  I  NUN 


loo  siqaa  1/ (oha-ca)  2.581E+00  3.586E+02  -  -  0.990 

loqlsiqaaxK)  K/ (oha-ca)  -  -  -  -  - 


laabda 

S 


N/la-K)  1.943E-01  1.982E-04  — -  - 

uV/K  3. 304E+01  -2.150E-01  9.859E-05  -1.698E-98  0.990 


6b3  1517 


503  1343 


CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

K 

loq  siqaa 

1/ (oha-ca) 

loq(sigaaxK) 

K/ (oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

Z 

1/K 

ZT 

4 

1 

600 

1.983E+00 

4. 761E+00 

3.193E-02 

-6.416E+01 

1.241E-05 

7.446E-03 

2 

700 

2. 069E+00 

4.914E*00 

3.093E-02 

-7.501E+01 

2. 195E-05 

1.537E-02 

T 

«/ 

800 

2. 133E+90 

5.036E+00 

2.334E-02 

-8.460E+01 

3.428E-05 

2.743E-02 

4 

900 

2. 183E+00 

5. 137E+00 

2.683E-02 

-9.303E+01 

4.910E-05 

4.419E-02 

5 

1000 

2. 222E+-00 

5. 222E+00 

2.548E-02 

-1.004E+02 

6.603E-05 

6.403E-02 

6 

1100 

2.255E+00 

5.296E+00 

2.425E-02 

-1.06BE+02 

8.464E-05 

9.310E-02 

7 

1200 

2.282E+00 

5.3blE*00 

2.314E-02 

-1. 124E+02 

1.045E-04 

1.255E-01 

8 

1300 

2. 305E+00 

5.419E+00 

2.213E-02 

-1.172E+02 

1.254E-04 

1.630E-01 

NOTES 


1!  loqtJigaaxK)  was  calculated  froa  log  sigaa  and  teaperature  calculated  data. 
2)  Theraal  conductivity  data  aas  estiaated. 


A.  34 


THERMOELECTRIC  PROPERTIES 


COMPOS  I T 1  OH:  50«/  5  In203 . 50t;  oSr.02 

SAMPLE  #:  FC_97_7 

COMMENTS: 

COEFFICIENTS  TEMPERATURE.  < 

PROPERTY  UNITS  A  9  C  D  R*  MINIMUM  IMA*  IMUM 


log  sign  l/'.eht-ci)  2. 457E+00  2. 15&E+00  — -  - —  0.900  711  1676 

loglsignxK)  K/(oh«-ct)  -  -  -  -  -  *" 

laibda  1. 943E-01  1.982E-04  — *  .  . 

S  uV/K  -7.295E+00  -8.054E-02  -2.971E-05  2.8THE-08  0.999  471  1341 


CALCULATED  THERMOELECTRIC  PROPERTIES 


Tetoerature 

K 

log  sign 
1/ioht-ct) 

loglsigtaxK! 

K/foht-ctl 

latbda 

N/ct-K 

S 

u  .V/K 

Z 

1/K 

ZT 

1 

600 

2.4S3E+00 

5.232E+00 

3. 193E-02 

-6.026E+01 

3.231E-05 

1.939E-02 

-4 

L 

700 

2.454E+00 

5.2«9EK'0 

3.003E-02 

-6.862E+01 

4.460E-05 

3. 122E-02 

y 

o 

aoo 

2.454E+00 

5.357E+00 

2.334E-02 

-7.639E+01 

5.862E-05 

4.6896-02 

4 

900 

2. 455E+00 

5.409E+00 

2.683E-02 

-8.342E*01 

7. 387E-05 

6.648E-02 

5 

1000 

2.455E*00 

5.455E+00 

2.543E-02 

-9.953E+01 

8.966E-05 

8.9666-02 

6 

1100 

2.453E+00 

5.496E+00 

2. 425E-02 

-9.455E*01 

1.051E-04 

1. 156E-01 

7 

1200 

2. 4558*00 

5.534E+00 

2.314E-02 

-9.331E+01 

1.1916-04 

1.430E-01 

3 

1300 

2. 455E+00 

5.5o9E‘00 

2.213E-02 

-1.007E+02 

1.3076-04 

1.69BE-01 

NOTES 


1)  loglsignxKi  ns  calculated  Trot  log  sign  and  tetperature  calculated  data. 

2)  Thertal  conductivity  data  xas  estnated. 


A.  35 


THERMOELECTRIC  PROPERTIES 


:;«P-2S  1 T IC-N:  >  5 i n2C3 , *0* /oinflt 


SANPlE  4:  rC_l26 
CONSENTS: 

COEFFICIENTS  TEMPERATURE.  - 


?Ruf ERT  t 

uNITS 

A 

B  C 

n 

y 

R* 

"ININCS 

NAllN'j! 

log  sigia 

1/  (cn»-c»l 

3.054E+00 

2.619E+00 

5. 427E+02  - 

_ 

0.980 

0.000 

1281 

525 

15'5 

1281 

laqisigaaxO 

K  /  iona-ca! 

.... 

— 

— — 

— 

— - 

iaantu 

N / (*-K) 

1.943E-01 

1.932E-04  — - 

— 

— 

— - 

S 

u  hi 

-7.422E+01 

2.249E-91  -3.937E-04 

l.aISE-07 

•).  9*5 

513 

«  7  c  " 

CALCULATED  THERMELECTRIC  properties 

Teaoerature  loq  siaaa  loqisiaaaxK) 

*  !/(ona-c*/  ('/(aha-cai 

laabda 

N/ca-K 

S 

dV/F 

7 

’/* 

2T 

1 

500 

2.519E+00 

5.313E*00 

3.408E-02 

-3.997E*Ol 

1.950E-05 

a.743E-y3 

n 

600 

2.619E+00 

5.39’E+OO 

3. 193E-02 

-4.S04E+0! 

2. 764E-05 

1.S58E-02 

3 

TOO 

2.619E+00 

5.464E+00 

3.003E-02 

-5.42lEn*l 

4. 070E-05 

2.849E-02 

4 

dOO 

2.s!9E*W 

5. 522£* 00 

2.834E-02 

-6.343E+01 

5. 904E-05 

4.723E-02 

r 

*00 

2.619E+00 

S.573EK'0 

2.483E-02 

-7.275E*0i 

5.205E-05 

T.3B4E-02 

2 

IvoO 

2.slcEnW 

5.619E+00 

2.548E-02 

-8.l22E+vt 

1.077E-0* 

1.077E-0! 

. .  '0 

2.619E+00 

5.ae0E»00 

2.425E-02 

-8.785E+01 

i.'2ii-04 

1.45aE-0! 

; 

:.si?E*00 

5.s98E*00 

2.314E-02 

-°.l5CEH'i 

1.311E-04 

1.813E-01 

- 

1300 

i.oi9E*00 

5.733E+00 

2.213E-02 

*5. 173E+0! 

1.582E-04 

2.056E-0! 

NOTES 


!*  i 39 '.siaaaxr )  »a;  calculated  Froa  I05  sidia  and  teaperature  calculated  data. 
2 *  Tneraai  conductivity  da*:  .as  estiaated. 


A.  36 


THERMOELECTRIC  PROPERTIES 


COMPOSITION:  ?Oa/aIn2a3.30a/#Sn02 

SAMPLE  »:  FC_97_o 

COMMENTS: 


COEFFICIENTS  TEMPERATURE,  K 


PROPERTY 

UNITS 

A 

8 

£  0 

R* 

MINIMUM 

MAHHUH 

log  sigaa 

l/'oha-ca) 

2.&63E+00 

-l.52i£*02 

0.850 

597 

1100 

3. 291E+-00 

5.307E+02 

-  - 

0.960 

1100 

1541 

iog(sigaaxK)  K/(ofia-ca> 

.... 

-  - 

— 

.... 

laabda 

a/(a-K) 

2. 121E-01 

1 . 239E-04 

-  - 

0.241 

500 

1291 

S 

am 

7.344£*i>l 

-3.028E-01 

1.962E-04  -4.217E-08 

0.994 

610 

1326 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaperature  log  sigaa  loqmgaaxK! 

K  1/ioha-ca)  t/loha-ca) 

laabda 

N/ca-a 

S 

uV/r 

I 

1/K 

ZT 

1 

500 

2.967E+00 

5.666E+00 

3.O50E-02 

-3.416E*0l 

2.965E-05 

1.482E-02 

11 

600 

2.917ED0 

5.695E+00 

3.492E-02 

-4.o70Et01 

5.153E-05 

3.092E-02 

? 

m 

2- B80E+00 

5.7Z5E+00 

3.347E-02 

-5.683E+01 

7.324E-05 

5.126E-02 

4 

800 

2.853E+00 

5.756E+00 

3.214E-02 

-6.4BQE+01 

9.317E-05 

7.454E-02 

C 

M 

900 

2.832E+00 

5.786E+00 

3.091E-02 

-7.Q88E+01 

1.104E-04 

9.936E-02 

b 

1000 

2. 760E+00 

5.760E+00 

2.977E-02 

-7.53SE*01 

1.097E-04 

1.097E-01 

7 

1100 

2.809E*00 

5.850£*00 

2. 87  SE-02 

-7.935E+01 

1.376E-04 

5. SUE  *01 

3 

1200 

2.  S49E+00 

5. 928E+00 

2. 772E-02 

-8.024EHM 

1 . 6396-04 

1.967E-01 

9 

1300 

2.383EU0 

5. 997E+00 

2.680E-02 

-8.125E+01 

1.880E-04 

2.444E-01 

MOTES 


1)  lagtsigaaxlO  •*>  calculated  Iroa  lag  sigaa  ana  teaperature  calculated  data. 


A.  37 


THERMOELECTRIC  PROPERTIES 

COMPOS  I T I ON:  80*/aIn2Q3,20a/ oSn02 

SAMPLE  t:  FC.97.10 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  K 


PROPERTY 

UNITS 

A 

9  C  D 

R* 

MINIMUM 

MAXIMUM 

loq  sigaa 

1/ (oha-ca) 

3.040E+00 

-7.582E+01 

0.500 

5B5 

1578 

log'.sigaaxK) 

K/(oha-ca) 

.... 

-  -  - 

— 

— - 

laabda 

N/'a-K) 

1 . 842E-01 

-9.460E-05  - 

0.340 

468 

1088 

S 

uV/K 

-2. 9S0E+01 

3.315E-02  -7.049E-05  2.565E-08 

0.997 

479 

1424 

CALCULATED  THERMOELECTRIC  PROPERTIES 


Teaperature 

If 

log  siqaa 

1/ (oha-ca) 

loglsigaaxK) 

Ki  (oha-ca) 

laabda 

N/ca-K 

S 

uV/K 

1 

1/K 

ZT 

1 

500 

3. 192E+00 

5. 891E+00 

7.304E-02 

-2.764E+01 

1.627E-05 

8. 133E-03 

2 

600 

3. 166E+00 

5.945E>00 

7.846E-02 

-2.975E+01 

1 . 654E-05 

9.927E-03 

3 

700 

3. 148E+00 

5.993E+00 

8.475E-02 

-3.234E+01 

1 . 736E-05 

1.215E-02 

4 

800 

3. 135E+00 

6.038E+00 

9.213E-02 

-3.526E+01 

1.B41E-05 

1 . 472E-02 

5 

900 

3.I24E+00 

6.078E+00 

1.009E-01 

-3.836E+01 

1.941E-05 

1.747E-02 

6 

1000 

3. 1  lfaE+00 

6. 116E+00 

1.U6E-01 

-4.149E+01 

2.014E-05 

2.014E-02 

7 

1100 

3. 109E+00 

6. 1 50E+-00 

1.248E-01 

-4.448E+01 

2.038E-05  • 

2.242E-02 

NOTES 


P  logisigaaxK)  mu  calculate  Fro*  log  sigaa  and  teaparaturi  calculated  data. 


A.  38 


THERMOELECTRIC  PROPERTIES 


CDMPOSIT ION:  90. 2a/oln20 J . 9. 8*/ oSn02 

SAMPLE  I:  FCJ40 

COMMENTS: 


COEFFICIENTS  TEMPERATURE.  K 


PROPERTY 

UNITS 

A 

B  C 

D 

R1 

MINIMUM 

MAI  I MUM 

log  sigaa 

1/laha-ca) 

2.475E+00 

-1.250E-02  — - 

— - 

— 

— - 

loglsigaaxK!  K/loha-ca) 

— — 

-  - 

.... 

— 

.... 

laabda 

N/(a-K) 

1 . 943E-0I 

1 . 902E-O4 

.... 

— 

.... 

S 

uV/K 

-8.879E+01 

2.549E-01  -3.777E-04 

1.510E-07 

0.998 

407 

1324 

CALCULATED  THERMOELECTRIC  PROPERTIES 

Teaperature  loq  sigaa  loglsigaaxK) 

K  I/(oha-ca)  K/loha-cal 

laabda 

N/ce-K 

S 

uV/K 

Z 

1/K 

ZT 

1 

400 

2.475E+00 

5.453E+00 

3. 193E-0Z 

-3.920E+OI 

Z.277E-0S 

1.344E-02 

2 

•00 

2.675E+00 

5.520E+00 

3.003E-02 

-4,363E*01 

3.000E-05 

2.100E-02 

3 

aoo 

2.475E*00 

5. 579E>00 

2.834E-02 

-4.927E*01 

4.054E-05 

3.243E-02 

4 

900 

2. 675E+00 

5.429E+00 

2.483E-02 

-M.S??F+01 

5.378E-05 

4.840E-02 

5 

1000 

2.675E+00 

5.475E+00 

2.548E-02 

-4.057E+01 

4.8I4E-05 

4.814E-02 

4 

1100 

2.475E+00 

5.714E+00 

2.425E-02 

-4.441E*01 

8.094E-05 

B.904E-02 

7 

1200 

2.475E+00 

5.754E+00 

2.314E-02 

-4.584E+01 

8.844E-05 

1.064E-01 

8 

1300 

2.47SE+00 

5.739E+00 

2.213E-02 

-4.395E+01 

3.744E-05 

M37E-01 

NOTES 


1)  loglsigaaxK)  us  calculated  traa  log  sigaa  and  teaoerature  calculated  data. 

2)  Thtraai  conductivity  data  »ae  estiaated. 

3)  ElKtncal  conductivity  aas  teaerraturt  inoeoenoent. 


A.  39 


